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Abstract
An examination was made of methods of achieving and measu­
ring minimum and maximum heart rates in sportsmen and women 
of various standards,, These tvwo measures were combined 
to form a fitness index for each individual, and called 
the Cardiac Assessment Factor ( CAF )s
CAF -- Maximum He art Sat e ^
Minimum Pie art Rate
The degree of reliability, validity and objectivity of
CAF were established, both for operators and subjects*
The correlations between maximum and minimum heart
rates and CAF, and other measures of fitness were calculated.
Descriptive statistics were computed for the CAFJs of various
sports groups, and inferential analyses performed between
these*
Minimum heart rate measured during sleep was found to be 
si.gnif icantljr lower and less variable than resting heart 
rate measured in the laboratory* Maximum exercise heart 
rates were calculated from post exercise recovery rates 
within a standard error of 2,839 beats per minute* Reliab­
ility coefficients of R.= 0,98 were obtained in measuring 
CAF* A group of adult sportsmen experienced an increment 
in their maximum heart rate after a period of special 
training. It was found that the Cardiac Assessment Factor 
in its present form was a useful method of measuring that- 
specific element of fitness in adult sportsmen, which can 
be developed by extensive exposure to extreme exhaustion 
stress. Further development of CAF is necessary before 
it can be more generally applied as a test of sports fitness.
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Introduction
of the Nineteenth. Century
The animal, man, exists and co-exists by virtue of 
movement® All human function is movement - of nervous 
impulse, of hormones, metabolites, body?" fluids, of 
skeleton, organ or muscle® At first subjectively, 
but within recent history also objectively, man has 
assessed and evaluated both his own movement and the 
movement of others. To a certain extent his very exis­
tence has depended upon his ability to measure that 
movement and potential for movement, particularly of 
gross physical movement.
The capacity for physical movement may be called 
’physical fitness’, in which case ’fitness*■has as many 
definitions as there are specific movements. Subjective 
assessments of fitness have, therefore, always been made 
by homo sapiens. According to Van Dalen et al (1961) 
early man rejected the least fit of his children, either 
killing the deformed or incapacitated outright (a pract­
ice forbidden by Moses), or abandoning the seriously 
unfit to fend for themselves and eventually perish. At 
puberty, the rites of initiation to manhood were of an 
extremely critical nature - ’Tests of endurance, strength 
and skill, often of a very extreme nature, were part of 
the ceremony*. Laurie (1900) states that as civilis­
ation progressed attempts were made to help those judged 
to be unfit. The early Chinese-, (ca> 3000 BC) , Egyptian
Hindus, Greeks and Romans all used specifically applied 
exercise as a corrective medium for those whose fitness 
was considered tc be below par® In addition, the Chin­
ese selected students for further education partly on 
the basis of their ability at warlike exercises. 'The 
special examination consisted of physical exercises - 
the lifting of heavy weights, drawing the long bow, and 
the drill with the sword *. (
According to Forbes (1929) specific physical training 
received an early impetus within the Spartan philosophy 
of training for war® Selection of the finest warriors 
was, of course, based upon regular tests of fitness,
'and besides, it was written in the law that every ten 
days the youth stripped naked should pass in public review 
before the ephors*. Fitness was not only assessed in 
terms of power and skill, but also in terms of running 
endurance for those who acted as messengers over long 
distances®
Gardiner (1925) states that the ancient Greek games, 
though warlike in much of their form, extended the 
measurement of fitness per se into the realm of serious 
recreational competition- Norms and rules for the 
assessment of relative fitness between individuals became 
established® Certainly, the Olympic festival at Elia 
imposed upon would be competitors the necessity of a 
month's training under the Hellanodikai, during-which 
time 'they had the opportunity of testing the competitors, 
rejecting the unfit® c e * * satisfying themselves of their
right to compete'. By this time the concept of 'mens 
sana in corpore sano' was well established, to be reiter­
ated by many philosophers throughout the ages after Pliny 
and Aristotle.
Van Dalen et al (1961) describe how Galen, in the 
. second^ century A.-D. , made the first really scientific 
study of the macro structure of the human - until then 
the limit of anatomical investigation had virtually been 
reached by the Egyptian embalmers® Even so, scientific 
physiological measurement could still be considered non­
existent, and Galen's work went without serious challenge 
for fourteen centuries® His unique vision concerning 
human fitness is evidenced by his use of the pulse as a 
means of detecting physical condition. A current comment 
by Abrahams (1956) might be taken to indicate that very 
little advance had been made since that day - 'All lab­
oratory tests and measurements are valid up to a point, 
but often we are compelled to conclude that the only 
reliable test of fitness is - performance'.
Apart from the extremely rigorous and warlike training 
given to squires and knights, the antagonism of the emer­
gent Christian Church towards things of the body led to 
a decline in physical education as a part of national 
education. Consequently there" was no development in 
the quasi-scientific aspects of fitness testing. In 
spite of a closer study of medicine in the late Middle 
Ages, significant progress in anatomy and physiology was 
not occurring. 'This was not as yet an era of experi­
mentation in medical schools' (Van Dalen et al, 1961).
The sixteenth century healer, Paracelsus, and the 
anatomist Vesalius together established new dimensions 
of anatomical investigation, particularly of gross ana­
tomy. The development of the microscope at the end of the 
century initiated a similar development of histological 
studies, which together with gross anatomical investig­
ations gradually increased the total of man’s knowlege 
of the structure of the human body* hot only this, but 
scientists were entering an age of scientific revolution, 
where new concepts of man * s powers of discovery were emerg­
ing.
'Van Dalen et al (1961) describe how, between the fifteenf 
and seventeenth centuries, the void of the Middle Ages 
receded, and gradually voices proclaiming the merits of 
fitness training for gentlemen,.nobility and soldiers led 
to the formal emergence of physical education in Europe.
The humanistic movement, nurtured in Italy from the fourtce' 
century, saw the ideal human as an integrated harmonious 
organism. Many scholars and educators from Petrarch on­
wards sought to return to the Greek ideal, culminating in 
the fifteenth and sixteenth centuries with the writings 
of Vegius, who recommended exercises because they make 
students ’more attentive and more eager, and there will be 
avoided in them the thing which is wont to ruin any good 
disposition? dejection and- despondency* (.1 458) * and 
Mercurialis, who is-.noted for his tract he Arte Gymnastika* 
During the Age of Enlightenment physical education was 
given a more intensive study. ’The body gradually became 
an object of scientific interest’(Van Dalen et al, 1961).
Francis Fuller’s ’Medicina Gymnastika® appeared in 1705, 
to be followed by many treatises from other authors 
concerned with the theory of exercise. The great educ­
ational philosopher Rousseau not only strongly advocated 
physical education in general education, but encouraged 
physical progress to be measured, ’here is the distance 
you threw a stone, and the course you ran at one breath.
Let us see what you can do now®(1926).
The undying names of Guts Muths, Jahn and Ling bear 
testimonial to the importance of the heavily national­
istic motivation in the development of their gymnastic 
systems during the eighteenth and nineteenth centuries - 
still echoing the Spartan ideal of becoming fit to kill 
or die. These systems formed the bedrock of modern 
physical education, supplemented by the British ideal of 
fitness through games.
These parallel developments of anatomical and physiolo­
gical investigation, and physical education, seemed to 
remain largely independent until the nineteenth century. 
Systems of exercise were devised empirically and assessed 
subjectively. Even though various classifications of 
exercise were attempted, even by Galen, it seemed unnec­
essary to early physical educators that they should use 
more scientific methods of assessing their work.
The developments of scientific methodology during the 
later Renaissance aroused ’considerable curiosity concern­
ing the physiological laws governing the body and the mind® 
(Van Dalen at al 1961). And yet, such a farseeing educator 
as Mulcaster (1581) could only specify of a physical educa­
tor that he should be ’ravished with the excellence of his
own subj e ct.....(taking) pains to sift out of all 
‘writers, whatsoever concerneth the whole Gymnasticall 
and exercising .argument.....capable of exercising 
discretion in applying his kncwlege to that which he 
teaches®(1581).
In fact, one of the. first signs that physical educ­
ational. methods were being more scientifically scruti­
nised came in the 1850’s* The Royal Central Institute 
of Gymnastics had been opened in 1851 by Von Rothstein 
under the direction of the'German ministries of war and 
of education. Amongst other attacks, there was consider­
able opposition to Von Rothstein®s methods from medical
workers on both physiological and anatomical counts.
(
Under these attacks Von Rothstein was forced to withdraw 
from the Institute.
At the same period, another German physical educator, 
Speiss, was attempting to put schools’ physical educat­
ion on a sounder footing. His practical manual, Turn- 
buch fur Schulen, included amongst other methodological 
advice instructions on the careful regulation of activity 
levels, and the grading of pupils’s performance. Pupils 
actually ’took examinations in gymnastics on the same 
basis as in intellectual subjects*(Van Dalen et al 1961)®
The enormous impetus given by the Germans to ordered 
physical exercise was paralleled, indeed slightly pre­
ceded, by the Scandinavians. Denmark had opened the 
Military Gymnastic Institute in 1804, and Sweden the 
Royal Central Institute of Gymnastics in 1814. The
importance of scientific study of fitness training to 
those current educators is illustrated by Ling, the 
director of the Stockholm institute, who studied anatomy 
and physiology at the University of Lund, and who reject­
ed many long accepted exercises because they did not 
conform to his scientific theories.
England, with its games based approach to physical 
education, rather lagged behind the rest of Europe in 
terms of specific exercise, but when eventually Maclaren 
established first private and then public gymnasium 
methodology in the l850fs and 1 860's, he critically 
assessed what he saw being used by his Continental 
colleagues. ’Maclaren is to be remembered as a research 
pioneer who tried to devise scientific methods of eval­
uating teaching®(Van Dalen et al 1961). That his teach­
ing methods succumbed eventually to Ling’s in obtaining 
place in the English Schools’ Curriculum was due rather to 
Scandinavian pressure groups than to the intrinsic merit 
of the systems.
The history of scientific testing in sport and physical 
education is similar to history in general - the Americans 
come late into the field, and then dominate. Though the 
pre-Civil war' period had seen sporadic ripples from various 
immigrant European influences, the great surge of develop­
ment, especially in scientific aspects, dates from the 
emergence of a strong American national identity follow­
ing the war. Hitchcock (1885) has shown that the prime 
innovator of this period was Dr, Dudley Sargent, who came
to Harvard University' as assistant professor in 1879®
His influence was, and still is, felt in all aspects 
of physical education - including teacher education, 
athletics, curricula, tests and measurement, and 
gymnasium and apparatus construction. Particularly 
in the measurement field, he formulated a test battery 
of over forty anthropometric measurements which was 
applied to his students. In fact, though little 
credit is given, he was narrowly preceded ly Dr. Edward 
Hitchcock who recorded amongst other measures the lung 
capacity and strength (pul.l ups) of his students five 
times during their course. These measures were taken 
’mainly for anatomical and physiological science, and 
to allow the student by annual comparisons tc see what 
his development might be*(1885).
In 1887. Sargent published a manual on the method of me a 
uring and testing in physical education. In the next 
thirteen years Sargent’s list was adopted by the American 
Association for the Advancement of Physical Education for 
use in schools and colleges. ’Beaver charted 2?00 stud­
ents at Yale; Wood, 1500 at Wellesey; Hanna, 1600 at 
Oberlin; and Clapp, 1500 women at the University of 
Nebraska1(Bovard and Cosens, 1938). The science of 
fitness testing, by the year 1900, could be said to 
be established.
b. Historical review of fitness testing during the twentieth 
century
Physical education and physical fitness are. areas in which, 
all science can be validly applied. The explosion of 
scientific research in the twentieth century had momentous 
effect within the field of training for fitness, nowhere 
more so than in the United States of America. This ’new 
interest in research®(Van Dalen, 1961) was. reflected in the 
founding of organisations for that purpose® The American 
Academy of Physical Education-was. formed in 1904 'to bring 
together those who were doing original scientific work in 
the field of physical training and to aid in the promotion 
of such work® (G-ulick, 1910). The Athletics Research 
Society was formed in 1907, with the stated purpose of 
’the solution of the problems and difficulties in compet­
itive athletics, and a study of the educational, moral and 
social forces involved1(Editorial, 1908). According to 
Van Dalen and colleagues (l96l)fThe major area of research 
for this entire period was tests and measurements’.
Particularly after 1920, methods in physical education 
were enriched by the widespread use of tests and measure­
ments as tools of evaluation* As explained by Clarke 
(1946) testing is fa particular phase of administration, 
as tests should be used to obtain essential information 
about pupils so that programmes can be planned effectively 
and conducted efficiently®. As this period opened, strength 
testing per se was on a relative decline, partly because of 
the rising tide of athletic sports. Strength tests did not
measure the efficiency or .ability’of the bod3r in motion.
Van Dalen and colleagues (1961) state that Sargent expressed 
dissatisfaction with strength tests because of their failure 
to test endurance and speed. He helped to divert attention 
from strength tests with his 'own Universal Test for Strength 
Speed and Endurance, devised in 1902, which used caiisthenic 
exercises.
The first report on college achievement tests in physical 
education was made by Meylan (1907), who used a test battery 
comprising five elementss hygiene, control of body movement, 
specific skill tests, endurance and swimming,
The previous dominance of strength testing was also weak­
ened by a new interest in cardiovascular research, ■ The 
first major cardiovascular test of fitness was devised by 
Crampton in 1905* Called the * Blood Ptosis Test1, it was 
based on the principle of changes in heart rate and systolic 
blood pressure upon standing from a reclining position.
The subject reclined until his heart rate reached a steady 
state. This rate was recorded, and the systolic blood 
pressure. The process was then repeated at standing 
steady state. Crampton provided norm, charts for individulls 
rating them between 0 and 100, based upon the changes in 
heart rate and blood pressure, Crampton's work served as 
a model for further research in cardiovascular tests,
Barach (1914) formulated his 'Energy Index5 which purp­
orted to measure the energy factor of the heart - a descr­
iption of the energy expended by the heart - the systolic 
measure providing the energy of the cardiac musculature, 
and the diastolic measure providing the energy of the peri­
pheral resistance, and the heart rate indicating the 
number of systoles and diastoles in a minute* All measures 
were taken with the subject in a sitting position* . The 
formula for the index was?
Energy Index = Heart Rate x (systolic + diastolic)
”100
This provided an inverted index, i.e. lower scores were 
considered to indica/fce higher fitness* In a validation 
of cardiovascular tests, Hunsicker (1950) obtained a more 
significant correlation from the Barach index than from 
any other cardiovascular test, with a criterion of heart 
stroke volume divided by body surface area, during a maxi­
mum treadmill run*
The First World War stimulated government interest in 
fitness testing, and the U*S* Army incorporated a cardio­
vascular test devised by Schneider (1920) in its assessment 
of the functional efficiency of aviators* The six items 
which comprised the test were? reclining heart rate, recli­
ning systolic blood pressure, standing heart rate, standing 
systolic blood pressure, submaximal (step up) exercise heart 
rate, time of post exercise heart rate recovery to normal 
OR the number of beats above normal after 2 minutes post­
exercise if recovery is not complete* Schneider provided
*
norm charts for individual fitness assessment* Various 
workers have established significant reliability coeffic­
ients (McFarland and Huddleston, 1936; Cureton, 1945) and 
validity coefficients (Taylor, 1929; Henry, 1939; Cureton, 
1947; MeCloy, 1954) for the Schneider test* However,
Clarke (1946) comments 5The evidence pertaining to this
test is conflicting* One variable that may account for 
these differences is the degree of care required to obtain 
proper test scores. ••• .-The test has value as one physiol­
ogical fitness item to supplement the findings on (the) 
medical examination* In its present' state, evidence is 
not sufficient to justify its use in physical education 
to evaluate cardio-respiratory endurance5»
Most interest in cardio-vascular fitness assessments 
had until 1920 been focussed on steady state or absolute 
difference assessments of heart rate and blood pressure 
reactions to lying, sitting, standing, submaximal work 
and recovery therefrom* In 1921 the first attempt to 
define a ratio between two levels of cardiac performance 
was made in England by Hunt and Pembrey (1921). which conc­
ept was developed and refined by Tuttle into a fPulse Ratio 
Test*(1931)• This test has been widely used since its 
introduction, and has subsequently been the subject of 
considerable related research* Brief directions for the 
administration of the test are as follows?
1. A steady seated heart rate is established
2.The subject steps up and down on a 13 inch high bench
for one minute at a cadence of 20 for boys and 15 for
girls*
3* The subject sits on exercise cessation, and an immed­
iate 2 minute pulse count - is taken. The post exercise 
rate is divided by the pre exercise rate to give the 
first pulse ratio (R^).
4.The subject rests until the heart rate returns to normal.
5. The subject again steps for one minute, at a new cadence
of 4-0 for boys and 35 for.girls. A second pulse ratio 
is established (li^ ).
6c An efficiency rating (EF) is calculated, using the 
following formulas
EF = (S ) .
____  where
2
SQ = S1 + (S2 - s p  (2.5 - E p_ _____
where 
= first cadence 
$2 = second cadence 
= first pulse ratio 
R2 = second pulse ratio
Some evidence exists which relates Tuttle pulse ratios 
with physical condition. Tuttle and Skein .(1930.) reported 
that the efficiency ratings (EEs) of athletes during their 
competitive season are materially increased; a common 
occurence is a decrease in the EF after athletic -competit­
ion-. Flanagan (1935) obtained a significant correlation 
between EFs and endurance in sprint running® However,
Henry and Kleeburger (1938) found lower correlations and 
concluded that general muscular endurance is not a determin­
ing factor in the pulse ratio test®
Results of the pulse ratio test agree well with the 
findings of physicians concerning the status of the cardio­
vascular system* Sievers (1935)? lee (1937) and Carpent­
er (1937) have found that the pulse ratio was in agreement 
with the reports of physicians in respect to functional 
heart murmurs, organic lesions with definite evidence of
decompensation, and neurogenic hearts. Little evidence, 
however, is available to support the use of the test as a 
measure of general physical condition. The test, there­
fore, has a special relationship to the medical examinat­
ion, as a supplementary aid in detecting heart disturban­
ces.
Seivers (1935) suggests a procedure for checking the 
condition of the heart by use of the pulse ratio test, 
advising that significant departures from norms indicate 
the possibility of cardiac defects, and the advisability 
of referring the subject to a physician. Me Cloy (1954)
strongly emphasises that under no circumstances should 
a test of this type be considered an adequate substitute 
for a thorough medical cardiac examination.
The swing ay/ay from strength testing was reversed b y  
the development and statistical refinement of a test batte 
by Rogers (1926). He extended Sargent's battery (Van Dal 
et al, 1961), and was the first to develop the concept of 
the P.P.I. (Phj^sical Fitness Index), which was an integ­
ration of various measures of muscular strength and muscul 
endurance. It included one measure which could be called 
organic - that of lung capacity - but made no reference to 
organic endurance in its assessment of fitness.
From this point on, the condept of multi-factor indices 
cf fitness developed enormously. Increasingly complex, 
batteries of tests were designed (Oregon, 1962; California 
1962; AAHPER 1965; P.C.P.F., 1961; Metheny. 1945; Navy 
Standard PFI, 1943; USAF PFI, 1956; Army Minimum PF Test, 
1965; University of Illinois Motor Fitness Test - Cureton, 
1947; Philips, 1947; Elder Motor Fitness Test, 1958; New
York State PF Test, 1958; Indiana. Motor Fitness Test, 1943; 
Washington Motor Fitness Test, 1963).
These and many other tests include elements of strength, 
power, agility, balance, muscular endurance, speed, flex­
ibility, and sometimes circulatory endurance. The latter 
element is assessed by the subjects' ability to run, or 
run/walk, a distance ranging from 60 yards (Metheny, 1945) 
to one mile (Washington, 1965) - this being rated on the 
total time taken to complete the test distance.
Lately, sophisticated attempts have been made to factor 
analyse large test batteries, notably b y  Falls and collea­
gues (1965) and Fleischman (1964)o Correlations'between 
the circulatory endurance items in such batteries and 
organic fitness tests are, in general, very low. The 
validity of such elements is open to serious doubt, and 
their inclusion in large test batteries would seem to be 
.more a matter of administrative expedience than of comp­
onent validity.
The development of cardiovascular tests was- maintained,
however, as a seperate entity from general fitness testing. 
Tuttle's pulse ratio test (1931) was a fairly complicated 
one to administer in the field situation; Brouha and 
associates (1943)? working at the Harvard Fatigue Labor-: 
atories, devised a less complex test which gained universal 
acclaim, and lias been in- extensive use since that time. 
Called the 'Harvard Step Test5, it comprised a step up 
period of up to 5 minutes duration, onto a bench of 20 
inches height, at a cadence of 30 per minute. At exercise 
cessation the subject sits, and pulse counts are taken from
1 - li minutes, 2 - 27r and 3 - 3 i  minutes post exercise.
These readings are treated by the following formula:
Physical Efficiency Index _ Duration of exercise (secs) 
(PEI) 2 x Sum of pulse counts
Norms were established on about 8000 students. In
contrast with Tuttle's test (1931)> the Harvard Index was 
designed to give positive correlation with fitness, rather 
than negative® A high score represented, greater fitness.
Because of its ease of administration, the Harvard test 
has been modified by many workers to suit the specific 
requirements of their test population. Clarke (1943) 
used an 18 inch step for 4 minutes with college women.
Skubic and Hodkins (1963) proposed a 3 minutes test, an
18 inch bench, and a cadence of 24 per minute - these work­
ers eventually establishing norms on over 4000 students 
(Skubic and Hodgkins, 1964). Gallagher and Brouha (1943) 
introduced a technique of grading the bench height to the 
subject height in teenage boys. Schneider (1920) proposed 
an 18 inch step as more applicable to a wide population; 
Master (1944) has devised his own step test by having two 
treads (a double step) at 9 and 18 inches; and Kasch (1965) 
not only lowers the step to 12 inches, but pads it as well, 
thus making both the exercise and the recovery therefrom 
more comfortable. Adams and Michael (1964) have used a 
less strenuous form of test with a 17 inch bench and 1 min­
ute of stepping. Continental users have been advised by 
Vladimir (1955.) to metricise and lower the bench height to 
40 cm, particularly when assessing the ailments of sports­
men. In contrast, Johnson et al (1942) have made the step
test much more strenuous by making subjects wear heavy packs,
Although primarily intended as a fitness teat for the able 
bodied, the Harvard test has been adapted for use with 
convalescents by Karpovitch et al(l944), using the 20 inch 
bench and a cadence of 24 per minute. Further discussion 
of the Harvard Step Test will follow later in this review.
C-rollman (1931) indicates the work of Krogh and Lindhard 
as the beginnings of more sophisticated investigations of 
cardiorespiratory function in 1912. From this time, para­
llel courses can be traced; on the one hand the 'black box’ 
approach of the pulse measurers, and on the other the anal­
ytic investigations of cardiac and ventilatory output. In 
1914 Starling began the series of publications which estab­
lished his Law of the Heart in the annals of physiology.
The application of the early physiological analyses during 
exercise were, according to Groliman (op cit) , ’fraught 
with considerable error even in comparatively mild exercise. 
However, by 1931? Groliman was able to publish quite reliabl 
results concerning cardiac output during mild muscular acti­
vity in the human, and to conclude that the relationship 
between the two was not a simple one. During the next thi­
rty years techniques developed at such a pace that cardiac 
catheterisation during strenuous exercise was being perfo­
rmed by Donald and his colleagues before 1955* The ever- 
strengthening tide of ‘tests and measurements’ in American 
physical education was not being duplicated elsewhere. It 
was natural,'therefore, that the main developments in phy­
siologically based bests should continue to be made in the 
United States; whereas other countries, notable Britain, 
Germany, Russia, Scandinavia and more recently Japan,
should be more orientated towards the establishment of 
system parameters and laws of physiological function.
The very difficulties of precision in measuring mili­
tated against the formulation of more sophisticated tests 
of organic fitness. At the present time, oxygen uptake 
in any of its various measures, respiratory quotients, 
ventilatory capacity and power, and cardiac output can 
be most reliably measured. But such measures cannot 
easily be administered to large groups of subjects, and 
the equipment and techniques are not widely available.
A gap is established between those measurements which 
are most meaningful, and those subjects who most need 
measuring. One outstanding attempt has been made to 
bridge that gap, by Astrand and his co-workers in Sweden 
(1954).
In this paper Astrand equates aerobic capacity with phy­
sical fitness, and uses heart rate response to a carefully 
controlled exercise level to calculate the subject's max­
imum aerobic capacity. The test result is expressed in : 
terms of oxygen volume per unit time. To widen the appl­
icability of the test, the method of exercise could be erg- 
ometer cycling, treadmill running, or bench stepping. The 
accuracy of the calculation achieved by AstrandSs nomogram 
has a standard error cf - 6$. v A similar standard error was 
also found by Wahlund (1943) during indirect estimates of 
oxygen intake, in his case the figure being £ 8$. Astrand 
concluded *an individual's aerobic capacity per kilogram 
body weight per minute will give a good indication of his 
physical fitness'.
The 'black box1 researchers had by the early 1930's become 
dissatisfied with measuring only resting and recovery heart 
rates. Brown and Kenyon (-1968) describe the early contri­
butions of Boas (1932), who first developed the cardiotach- 
ometer and studied heart rate under a variety of conditions 
The first reliable studies of heart rate with cardiotach- 
ornetry during exercise were made by Cotton and Dill (1935)» 
These workers established that 'the pulse rate during exer­
cise may be predicted from that recorded immediately after 
exercise with an error whose standard deviation is rather 
less than y fo % , The mean maximum heart rate of (apparently 
twelve subjects was 16? per minute. Since that time no 
great use appears to have been made of this technique.
The beginning of the 'treadmill era* in the United State 
was marked with the development by Johnson and colleagues
(1942) of the Harvard test for treadmill running* This 
work was carried out in the Harvard Fatigue Laboratory, 
being in fact the precursor of the more famous Step Test, 
and using essentially the same exercise technique and meas­
urement methods. Balke et al (1954 and 1960) claimed to 
show in the early 1950's that by several criteria a limit­
ation of optimal cardiovascular and respiratory function 
exists when a heart rate of 180 beats per minute is reached 
during a gradually increasing work load. Using a tread­
mill, they devised a strenuous exercise test with a cut-off 
point at a heart rate of 180 per minute (i960). During 
the test, the work done in kg-m/minute, and the duration of 
running are considered criteria of fitness.
Ventilatory parameters do not appear to have been stiff-
iciently quantified in order to become established as 
specific indices of physical fitness. Attempts have been 
made to devise simple tests based upon breath holding, but 
Montoye (1951) in his excellent review concludes that such 
tests 'have poor reproducibility.....non-discrimination 
between oxygen depletion and carbon dioxide .accumulation.., 
are inefficient in differentiating various levels of phys­
ical fitness*,
SUMMAB.Y:
At present it seems to be well established that heart 
rate is a reliable index of the state of physiological 
response to exercise in the human, at specific moments in 
timer Since this is one of the easiest physiological 
pau|imeters to measure, many organic endurance tests bas^d 
upon heart rate response to various levels of physiological 
arousal have been devised. These tests fail into the 
following basic categories:
1. Efficiency tests, depending upon small changes in heart 
rate for given work loads, resting positions, or post­
ural changes.
2« Recovery tests, depending upon heart rate returning 
quickly towards normal resting rate, after given work 
leads*
3* Prediction tests, where other physiological variables 
are predicted from heart rate response to (generally) 
submaximal exercise levels.
Certain principl.es and assumptions are inherent in the
nature of these types of fitness tests* Specific issues
will be dealt with in later chapters but the present state
of the art in general should be defined.
All tests of this nature in current use specify at 
least two major variables in the fitness equation, these 
being heart rate and work rate® The physical fitness index 
which is obtained from the equation is then compared with 
indices recorded on groups of subjects, or with calculated 
population norms®
Measurements of heart rate are based upon the steady 
state concept for all submaximal work levels, and upon 
transient response for near maximal work levels and recovery 
from work® Recording during steady state is not considered 
to require measurement at precise times provided steady state 
has been achieved, v/hereas measurement during transient 
states is required at precise and specific times® Heart 
rate is measured by counting a certain number of systolic 
contractions and (generally) extrapolating these into a 
rate expressed in terms of beats per minute® There is no 
technique for counting incomplete cardiac cycles, though 
full cycles are measured to nearest fractions where a time 
period is used as the measurement constant® More precise 
measurements are obtained in tests where a number of^eats 
is used as the measurement constant, with time as the vari­
able® None of this type of test is open ended in terms of 
maximum heart rate,-with the exception of the Slonim tread­
mill test (1957) which does not strictly fall within this 
current description of a test since it provides no index 
of fitness and has no established nouns® A cut-off point 
is imposed which prevents many subjects from achieving 
their maximum heart rate®
A typical heart rate response to changes in work load 
is assumed for all subjects, variations in this response
in terms of rate and time constants are considered to 
reflect variations in organic fitness® All tests are 
claimed to be, or taken as, valid on both inter- and intra­
subject bases® Almost all tests allow manual pulse counting 
as a sufficiently reliable technique; with the exception of 
those tests precipitating and measuring high exercise heart 
rates® In the latter case cardiotachometry is necessary, 
either direct or by telemetrj'* The possibility of emotio­
nal effects on submaximal heart rates seems to have been 
considered of negligible importance| and postural effects 
have only recently been emphasised as of great importance 
(Hamley and Thomas, 1967; Hanson and Jones, 1970)®
Various levels of work rate are specified, the lowest 
end of the continuum being testing1 - which is generally 
specified as sitting or lying for a certain period of time®
No provisions are inherently specified in test procedures 
concerning environmental, diurnal and emotional factors 
during the rest® Various methods of submaximal work are 
proposed, falling within the categories of postural changes® 
walking, running (level and inclined), step climbing and 
ergorneter cycling. The rates and apparatus dimensions of 
the work are predetermined, occasionally modified accor­
ding to the physical dimensions, age and sex of the subjects® 
No allowance is made for inter- and intra-subject differen­
ces in mechanical efficiency, neither in terms of skill 
nor metabolism® No test instructions are given concer­
ning the levels of extrinsic- motivation during work perform­
ance*
Tests are generally designed for specific types of subject.
and any nouns are established on this type at-first. 
Subsequent norms are established on other types of subject 
in many cases® Because of the specific design of the tests, 
comparisons between groups are not necessarily valid, and 
in cases where test conditions have been modified in order 
to accomodate different types of subject, new norms are 
not validly compared with previous norms.
Criticisms of the major tests under dicussion have been 
made by many authors. Buskirk and Taylor (1957) feel that 
the Harvard Treadmill Test factually measures * 'motivational 
climate * * rather than th^true performance capacity, because 
it is practically impossible to keep the motivation factor 
constant, even though one tries dilligently. This test is 
valuable especially when used in conjunction with, a battery 
of fitness tests, because if does measure a component of 
motivation, and motivation is, of course, intimately relat­
ed to performance1. Ladell and Kenney (1955) stated that 
the fitness index provided by the Harvard Pack Test was 
diminished by decreasing the stepping rate or by increasing 
the step height. They also found no significant difference 
in the index score when the final pulse rate was taken earl­
ier than the standard time. Holtie (1954) also criticised 
the test on the basis that a mean decrease of 11^ was reco­
rded by subjects undertaking the test in a hot environment. 
Lovelock (1945) felt that the Pack Test was of limited value 
in measuring- physical fitness for hard work, but that it was 
(in 1945 sic) the 'best cardiovascular test available®.
The Harvard Step Test has, because of its popularity, 
been the object of much further study. Cook and Wherry
(1950) feel that the scoring formula should he revised, 
since the weighting of the endurance time and the exercise 
heart rate increase is disproportionate* Montoye (1953) 
determined that the test could not be used to predict per­
formance, but agreed with Selzer (1946) that there wag a 
lack of relationship between the step test score and stat­
ure, and only a slight one with body weight. Reedy and 
Saiger (1954) concluded that the scoring on the test may 
be influenced by the weight factor,.relatively heavy men 
tending to have lower scores. Keen and Sloan (1958) 
discovered non-significant correlations between the test 
scores and stature, weight, length of leg, and bi-illiac 
diameter, but that there was a significant negative corre­
lation with resting pulse. Ariel (1969) discovered sig­
nificant differences in performance at the test with diff­
erences in knee joint angles, concluding fpersons who per­
form the Harvard Step Test in different knee joint angles 
have indices which are not measuring cardiopulmonary or 
physical fitness on the same scale, if, in fact, the HST 
measures either1•
These, and other, major tests of -cardiovascular function 
have generally failed to show high correlations either bet­
ween themselves or with other indices of physical fitness. 
Cureton (1945) evaluated correlations between a step test 
using a 15 inch bench, and 27 different tests of-muscular 
strength and endurance, and running endurance. With 117 
male students, these correlations ranged from 0.002 to 0.31 
Bookwalter (1948) reported no relationship between the Ear-
age, height, weight and running endurance. Neff and 
Steitz (1948) also obtained low correlations between the 
Harvard Step Test and various batteries of fitness tests.
In exhaustive surveys of cardiovascular tests, Sambolin
(1943) and Cook and Wherry (1950) failed with one exception 
to find inter-correlations exceeding 0 .29, this exception 
being a correlation of 0.68 between two very similar blood 
pressure/heart rate tests. Henry and-KLeeburger (1938) 
report a correlation of only -0.46 between the Buttle Pulse 
Ratio test and a running power/endurance test.
Clarke (1967) in his excellent review of the subject 
points to various anomalous results found by different 
workers, some of which were spurious due to unreliable 
experimentation. He concludes ^Supposedly, the various 
cardiovascular-type tests are designed to measure much the 
same thing. With the exception, however, they do not*.
cu Review of the use of heart rate as a fitness index.
Since the development of cardiovascular tests has been 
motivated mainly by a need for measurement of large groups, 
the literature does not contain descriptions of the effect­
iveness of such tests in diagnoses of fitness for individ­
uals. Conclusions concerning groups may not be valid for 
individuals. Underlying the general assumption that a 
test is capable of detecting differences between groups, or 
changes in groups over time, there must be a similar assum­
ption for the individual. However, the measurement of 
large groups permits random error effects to be allowed 
for in subsequent analyses, and assumptions to be made 
based upon the concept of probability, and the ratio of 
observed differences to the standard error.
More especially, high performance individuals measure 
their improvement in performance by very small increments.
It is not uncommon for championships in sport to be won 
and lost, or records broken, by increments of < 0 ,1$, eg
i,
/10 sec. in a one mile run, or 2 cm in a 100 m throw.
To be useful to a sports coach, a fitness test for 
individuals must have a reliability-which is within the 
broad limits of incremental change being sought by the 
performer,' If, for example, a middle distance runner has 
an oxygen uptake of 4 1 per minute, and a training sched­
ule designed to improve this to perhaps 4.1 1 per minute 
(ie 2-|fo) , then a test which is incapable of measuring within 
an error range having a standard deviation of 7°/o has a sig­
nificant probability of failing to detect the improvement.
The Astrand Test (1954) has such a liability to error, 
though the authors express this liability in terms of single 
measures on a large number, not as a large number of meas­
ures on a single subject. The authors do not recommend 
the use of the test as an individual predictor. This 
criticism may be levelled at all tests in common use for 
fitness testing which predict one physiological function’s 
maximum from an extrapolation of a response curve of 
another function.
A second criterion of the usefulness of a fitness test 
in sports coaching is the degree of sophistication necessary 
to administer the test. The great majority of coaches and 
physical educators do not have access to instrumentation 
beyond a stopwatch and a tape measure. Even heart rate 
telemeters are rare, though coaches in locomotor sports are 
being urged to obtain such instruments. Nor do many coaches 
have the scientific ability to administer a scientific test 
correctly. Testing centres for sportsmen exist in some 
countries, and are just beginning to be developed in 
England (Thomas, 1970), to which coaches can bring their 
sportsmen for regular assessments of their fitness. How­
ever, it hardly seems feasible that, at some future date, 
such facilities will be available to the great majority of 
sportsmen,
A recent review by Hebbelink (1969) of the field of fit­
ness testing refers to his own evaluation of 34 factor 
analytic investigations of fitness test batteries (1965)« 
lie states 8A final analysis of the results of these factor 
analytical investigations reveals that the components of -
functional irfbtor fitness may be classified as follows:
1. Strengths isometric, isotonic
2. Motor Coordinations speed, power, balance, specific skills 
3® Endurances a* local (static and dynamic)
b, muscular
cs cardiorespiratory: aerobic (extensive)
anaerobic (intensive)
4® Speeds running, limb movement.
In discussing the endurance area, Hebbelink says ’There 
is some evidence that there are separate, though sometimes 
highly correlated, endurance factors and that there is not 
such a thing as general endurance.....Allowance should be 
made for at least two types of cardiorespiratory endurance. 
One may be measured by relatively short but intensive musc­
ular endurance so that no full adaptation of the physiol­
ogical systems is possible. This first kind of cardio­
respiratory endurance is generally characterised by the 
degree of resistance to anaerobic working conditions.
Training increases this capacity for anaerobic work, and 
the highest concentrations of blood lactic acid have been 
observed in trained subjects pushing themselves to the 
limit. This is of course intimately related to the psych­
ological condition of the subject who apparently becomes 
progressively accustomed to endure discomfort. The rela­
tive importance of the physiological and psychological 
factors in this conditioning process is open to further 
investigation.....The other type of cardiorespiratory end­
urance concerns work that can be performed with an ade­
quate supply by oxygen1, Eenolxn (1967) had previously
expressed a generally held indecision about endurance 
limits ’Anaerobic powers the interest of this concept is 
recognised but no definition can be given, owing to the 
lack of sufficient experimental data*.
Vaughan Thomas (1969) had published a similar concept 
of endurance at the same time, and further ampified these 
factors in 1970, The response of the human can be divided 
into anaerobic and aerobic, but this author believes that:
1. For the sportsman it is functionally important that he 
should be able to recover quickly from strenuous exercise. 
Tests based upon recovery characteristics have commonly 
been used to infer ’exercise capacity1, whereas the 
’recovery capacity* is an important parameter per se,
and worthy of being assessed.
2. Hebbelink’s (1969) inclusion of the words ’psychological: 
condition* point to the notion of the tolerance of extreme
exercise stress being more than a physiological phenom­
enon® In this area of human performance, the body 
cannot achieve steady state because it is always capable 
of being pushed further than steady state. It is an 
area of physiological incapacity; net that the body 
possesses insufficient physical power to continue work­
ing, because this would be true exhaustion, but that the
' %
will possesses sufficient power to ignore the pain and 
discomfort manifestations of physiological and physical 
mechanisms working, beyond their homeostatic limits®
It is with the sportsman’s ability to extend his perform­
ance into the region of extreme exercise stress, and with • 
the design of a test of this ability, that this present work
is concerned.
Development of Test.
In 1945 Tuttle found that ’there were no published repo­
rts in which resting heart rate was correlated with incre­
ase in rate due to exercise1. In this respect he was in 
error, since Henderson (1927) had published results of 
investigations in which the percentage increase in rate 
due to work was evaluated for eight physiological varia­
bles including heart rate. However, Tuttle investigated 
the rise in heart rate due to exercise in several differ­
ent ways, and found for 18 male subjects a correlation 
coefficient of -0.731 (P<0 .01) between resting heart rate 
and the increase in rate due to strenuous exercise; and 
for 31 female subjects a similar correlation of -0.460 
(P<0.05). He confirmed that the more strenuous the exer­
cise, the greater the degree of correlation between these 
two variables. The last of his conclusions was ’Stren­
uous exercise results in a high negative correlation bet-Weeo 
resting heart rate and increase in rate caused by exercise. 
This is due to tha fact that every person in the group 
approaches the maximum rate, -so that those with the lowest 
resting rate experience the greatest increase, whereas 
those with higher rates experience less increase.5
Despite the lack of rigour in his experimental methods, 
Tuttle was the first to assess quantitively the increase 
in heart rate due to strenuous work and to link this with 
a concept of physical fitness. At a later time (1948) 
he was also the first to demonstrate the importance of the
psychological aspects of maximal performance, fin measur­
ing maximum work output one must recognise the fact that 
the. results represent the amount of work a subject will 
do rather than the amount he is capable of doing**
During his extensive ergometric surveys of Asiatic peo­
ple, Cullumbine (1949) discovered in 7000 subjects a sig­
nificant correlation between resting heart rate and a 
Harvard Fitness Index* In a further study (l949) with 
1000 Ceylonese subjects, he also obtained a significant 
correlation between sitting pulse rate (undefined) and a 
Harvard index and an exhaustion index*
The upper limits of performance were also being examined 
in sportsmen, particularly by Christensen (1950), who rep­
orted maximum heart rates between 250 - 300 during short 
bursts of exhaustive work in sport* Tuttle (1950) also 
experimented with subjects in very high ranges of exertion, 
and reported'amongst effects of exhaustion in his subjects 
’nausea, vomiting, dizziness and syncope1* Also in the 
U.S.A®, Henry (1950) was beginning his work on the effects 
of training in sport* He saw important differences between 
types of test and reasons for testing, ’At the present time 
there is no tangible measure of physical fitness - it is a 
concept® It is possible, however, to produce a change in 
fitness; in fact, this is an important purpose of the pro­
cedure known as athletic training* In this circumstance, 
even though the true amount of the change is unknown, it 
should be possible to discover the relative validity of the 
physiological and performance measures in demonstrating
to performance sindividual performances in exhaustive 
exercise are largely determined by-psychological factors 
and specific skills* rather than ultimate physiological 
'limits* - though this clashes strangely with another 
statement from the same paper* *Physiological measures 
are more reliable than performance measures in fitness 
assessments *-.
In 1951 Roush discovered a Jtfo-'improvement in muscular 
endurance (P< 0*05) in subjects under hypnosis* This* 
though a different form of endurance, was one of the first 
objective measures of the improvement in performance limits 
through psychological factors*
Possibly the most eminent of English athletics coaches, 
Dyson (1953)? translated the requirements of the endurance 
athlete into physiological terms - * Firstly, he must dim­
inish his-oxygen requirements for a given exercise.*.-., 
secondly he must increase his oxygen intake.....thirdly, 
he must adapt his body to higher concentrations of lactic 
acid*. In essence, the third of these requirements was 
intended to define the athlete’s tolerance of extreme 
exercise stress*
At this time, Selye (1956) was formulating his notions 
on the phenomenon of stress, basically and in non-athletic 
terms defining the stages of alarm, resistance (adaptation) 
and overstress (collapse, possible death)* A more current 
application of this premise in exercise physiology is prov­
ided by Cureton (1969), who expands the three into five 
stages?
1. Alarm (marked sympathetic excitement)
2* Resistance (adjustment to the stress)
3* Trained haemodynamics (holding the trained state without
harm)
Ac Overtraining (temporary exhaustion but not death)
5* Possibility of death (seldom seen).
In this definition overtraining is seen as a harmful 
acute state, to be avoided in the sportsman, if possible. 
Stage 3 is the one in which the sportsman will achieve 
his optimal performance. Inasmuch as this performance 
will include resistance of and adjustment to exercise 
stress - being marked sympathetic excitement (sic) - 
then the ability to generate and tolerate a level of 
activity which imposes such exercise stress is defined 
as * stress tolerance* for the purpose of this author.
The notion that the true limit of performance cotild be 
approximated was receiving greater support towards 1960. 
Slonim et al (1957) stressed that such work should be 
performed only by * healthy young men5, and gave 5 blackout* 
as one factor limiting their subjects* performances.on a 
maximal treadmill test. Karvonen (1959) concluded that 
*The general conclusion may be drawn that training of the 
cardiovascular system involves several mutually indepen­
dent mechanisms..... resting pulse..... speed of recovery 
•.•..work pulse increment from rest1. He also uses the 
phrase * subjective exercise tolerance* in the same context 
as this author*s ’stress tolerance1, and recommends high 
intensity training to develop this fitness aspect.
In 1960 Sterling reviewed and factor analysed 104 
cardiovascular measures, identifying 8 major factors?
1. Force of heart ejection stroke
2. Splanchnic tone (heart rate - sifting to standing)
3* Vagus tone (heart rate in the quiet state)
Ac Pulse ratio in moderate exercise 
5c Blood pressure in maximal work
6. Exhaustion test, with oxygen uptake
7. Aerobic oxygen uptake
8C Metabolic coot of exhaustion test.
Since this analysis was of existing tests, it is not
surprising that the possibility of a test which linked 
3
factors A and 6 was not uncovered. A year later Cureton 
(1961) wrote ’Both aspects (strength endurance and cardio­
respiratory endurance) also involve training the willpower 
*....as training proceeds and endurance develops the body 
becomes able to tolerate more -pain (sic) and higher and 
higher levels of lactic acid*.' Yet there were still no 
attempts to devise a generalised test of this aspect. 
Writing in the same journal McDonald (1961) took a some­
what different view of the problem ~ ’during exercise the 
blood flows to the active parts. Under intensive exercise 
more and more blood is shunted from the inactive to the 
active parts* Herein possibly lies one of the principal 
differences between the 4.00 milcr and the 4.05 minute one. 
The former is able to tolerate a greater degree of less 
blood in the less active parts..... than the latter1. 
However, it is not certain that the sympathetic blood 
shunt during exercise is accompanied by local feelings 
of distress in the evacuated regions which are of a limit­
ing nature. Karvonen (1966) summed'up the situation when 
he wrote ’obviously, operationally defined exercise toler­
ance is largely influenced 'by subjective factors, and hence
by the entire psychological situation* *
In 1966, which was the year in which this author began : 
his investigations into strenuous performance and its 
measurement, four major works were published concerning 
the phenomenon of stress tolerance. It is significant, 
perhaps, that none of these was American, in fact three 
came from Russia and one from Japan.
Letunov (1966) reported a series of investigations 
at the Central Research Institute of Physical Culture 
in Moscow, and formed the conclusion that high working- 
capacity depends upon three major parameters:
1. the capacity of the organism to intensify its functions
2. homeostasis in conditions of considerable muscular
activity
3. body endurance, or resistance to changes in its 
internal environment during strenuous muscular work*
He summed up, ’It was possible to establish that high writ­
ing capacity of trained sportsmen was characterised by 
considerable resistance to hypoxic conditions’.
Parallel work was being performed at the Medical Dis­
pensary for Physical Training in Sverdlovsk. Rosenblai; 
et al (1966) describe studies of strenuous sports perfor­
mance. They state 'At the present time, it is the freq­
uency of the heart rhythm that is considered the most 
important factor in the increase of caaniiac output during 
work.....Besides, if the acceleration of the heart rate 
of more than 180.per minute is not followed by any addition­
al haemodynamic effect, it may serve as a reflection of 
maximum mobilisation of functional resources of the organ­
ism. The latter, probably, provides certain effects, 
by means of other functions, in revealing the reserves of 
working capacity. There are findings testifying that in 
highly trained people the heart rate is higher during their 
maximal strain5. In addition to the restatp.me.nt of the 
’increase of function to cater for increase of work- thesis, 
their contribution is in making the first formal and object­
ive statement that the outstanding sports ijerforaier can 
precipitate higher maximum heart rates, and to express that 
ability as an element in his fitness profile, even though 
the increase in heart rate may not reflect increased card­
iac output.
Rosenblat and Solonin (1966) extend that notion in an 
examination of extreme physical stress in industry - ‘The 
first essential is a suitable index of the intensity of 
physical exertion,. For this the heart rate may be used 
with success* It is at once an expression of the total 
load imposed upon the body - intensity of muscular effort, 
atmospheric conditions..... etc. Rates exceeding 200 per
minute are usually recorded only in competition in which 
both physical strain and nervous and emotional tension 
are maximum5*
It was left to Ikai et al (1966) at the School of Educ­
ation, Tokyo University, to formulate an index of fitness 
’stress tolerance1* Their conclusions were modest, and 
based upon studies of only 7 highly specialised marathon 
runners, and were not treated statistically* However, 
they proposed a test of ’endurance with respect to heart 
rate5 (sic), expressed as a. percentage increase of the
heart rate:
is increase in heart rate
= (exercise heart rate) - (resting heart rate) x 100
resting heart rate 
Because they were testing athletes who were not common­
ly accustomed to high levels of anaerobic work, it was not 
surprising that the maximum heart rates reached by their 
subjects were ’about 180 per minute’ (sic). Their comment 
’As a resting heart rate before exercise was different from 
individual to individual, percentage increase of the heart 
rate during exercise varied considerably’ is peculiarly 
similar to Tuttle’s (1945 op cit). They conclude ’From 
these results, percentage increase of the heart rate was 
thought to be a more useful index of endurance than absol­
ute value of the heart rate1.
If this concept of a test of stress tolerance is to be 
valid, then its components must be valid. Though not 
expressed by Ikai, the underlying principles should be 
expressed, especially since they are fundemental to the 
testing of stress tolerance via heart rate.
HYPOTHESIS, . . .
’The increase in physical function to cater for incr­
easingly severe demands of exercise is one measure of fit­
ness for exercise. This increase in physical function 
is attended by an attempt of physiological mechanisms to 
maintain homeostasis. At a certain level of activity 
these physiological mechanisms are unable to maintain 
homeostasis, and a metabolic imbalance ensues which is 
generally termed anaerobia, Some mechanisms continue to
increase their function during anaerobia in their vain 
attempt to redress the imbalance. One criterion of this 
aerobic and anaerobic increment in function is the heart 
rate. The proportionate increase of maximum, exercise 
heart rate over the lowest heart rate during a basal meta­
bolic state is a physiological measure of a subject’s 
ability to increase his physical output and to tolerate 
the symptoms of stress which accompany this effort5•
During the last five years this area of examination 
does not appear to have received further attention, though 
mrioiis incidental reports help to consolidate the valid­
ity of the two measures of heart rate as determinants of 
fitness (ie minimum and maximum heart rates). Saltin' 
and Astrand -(1967), in a study of athletic performance, 
say ’The improved results (in running performance - sic) 
can be due to better running technique, ability to work 
closer to maximum, difference in the anaerobic power, and 
better tracks and equipment’* Co still’s (1967) study of
1? young sportsmen evaluated resting and basal (-undefined) 
heart rate on 10 different occasions for each' subject.
These appeared to be related significantly to distance 
running performance (P<0.01), whereas maximum heart rate 
(during running) did not correlate significantly*
Jones (1967) comments upon the stress tolerance of the 
runner - 9In races of intermediate distance the relative 
importance of aerobic and anaerobic resources will depend 
upon the length of the race and how it is run. For exam­
ple; in a run of 1500 m the first f of the race may be r e !  
atively slow and therefore all runners may still be close 
togvether at the beginning of the last in this case' the
race is likely to be won by the athlete with the highest 
anaerobic capacity since he will be able to sprint for 
a larger proportion of the last lap*.
In an important survey of exhaustive exercise, Allen 
and others (1968) state 1 Stepping and treadmill exercise 
are limited by central endurance factors (general exhau­
stion, breathlessness, ataxia* cyanosis and impending loss 
of consciousness)* reinforcing earlier work by Allen and 
different colleagues (1945)? and Mateeff and Petroff (1932 
and 1935)* who had all stated that vasodilation after 
severe exercise could cause fainting.
Cooper (1968)* whose development of *Aerobics* as an 
exercise panacea for all ills and all people attracted, 
worldwide publicity* described the total concept thus;
'This spread, this difference between our minimum requir­
ements and our maximum capacity, is the measure of our 
fitness. The most physically fit have the greatest spread, 
the least fit, the lowest spread. In some, the minimum 
and the maximum are almost identical1*
In a study of the effects of (undefined) endurance 
training, Ogawa et al (1969) discovered a difference in 
maximum heart rate measured on an all out- (undefined) run 
between small groups of men. Those-- who had trained had 
lower maximum heart rates than the untrained group. How­
ever, the method of obtaining maximum heart rate may not 
have been valid, the groups did not appear to have been 
matched, and were in any case rather small (N = 10, 10, 
and 11) to permit valid conclusions to be drawn.
Herman sen and Salti-n (1969) studied the effects of
maximal exercise performed on a variety of ergometers, and 
concluded 'Regardless of whether or not bicycle or tread­
mill exercise is used for the maximal run, there is the 
possibility that the true maximal values for pulmonary 
ventilation, heart rate, or blood lactate may- or may not 
have been achieved. For example, during a maximal run the 
oxygen uptake usually reaches a plateau before the pulmon­
ary ventilation and the heart rate. The obtained values 
for poilmonary ventilation and heart rate during exhaustive 
exercise are to a certain degree dependent on the subject's 
motivation. A logical extension of this conclusion is 
that greater motivation to greater effort will lead to 
greater heart rate.
In an interesting statistical definition of the criti­
cal point at which the 'cruising endurance* (sic) of the 
subject is exceeded, Ulmer (1963) describes the 'endurance 
limit* as a level of activity beyond which the correlation 
between rising heart rate and exercise time between the 
6th. and 15th. minutes exceeds R - 0.8. This, to him, 
constitutes a sufficient level of homeostatic imbalance, 
but the important point is that he equates maximal exer­
cise with a correlation approaching 'unity between increa­
sing work time and heart rate, and treats that correlation 
as linear. His work levels we're constant during exercise 
time, therefore a linear relationship presumes no asymptote 
to the curve of increasing heart rate. That this assump­
tion may be valid is possible in the light of the eonat­
ion s derived by Brooke et al (1968) of maximum heart rate: 
curves at exhaustion. These equations are specific for
each subject, but take two typical forms;
A, 0
1. y = 9o«14 + 4*71x * which is certainly linear, and
2. y = 82.83x^e^ ^  , which provides an asymptote of
heart rate.
The authors comment 'It is noteworthy that four subjects 
came very close to an asymptote at cessation1. Since 
the mean heart rate of the 11 subjects was 194.4* S.D* 8,4* 
they were obviously performing at a very high level of. 
exhaustion - and yet no subject actually reached asymp­
tote before exhaustion. That any subject is asymptotic 
in his response may or may not be a correctable weakness
in his fitness makeup. That any subject is linear
proves that subjects can be linear, though not necessarily 
all subjects,.
Another piece of research into factors of extreme exhau­
stion has been performed by Jones and colleagues (1970), 
who exercised subjects to exhaustion on a treadmill run, 
at increasing speed and grade. Maximum heart rates were 
recorded between 190 - 210 per minute, and the authors 
reported that subjects, at end point, exhibited ■ symptoms 
of profound dyspnea, were pale and had skin which was very 
cool to the touch. They did not report any losses of 
consciousness. They also found that a subject's fitness, 
measured by the tolerance of extremely severe work, was 
correlated with the cardiac (rate) response time to steady 
state-work, and that 'fit* subjects had a significantly 
faster response time than 'less fit* (sic) subjects.
A recent summary of the physiological bases of sports 
training by Palls et al (1970) makes the following state­
ment 'Maximum oxygen consumption is considered by most
exercise physiologists to be the best indicator of phys­
ical fitness (endurance) *«,, ■« depends on several physio-. 
logical quantities and capacities* The most important 
quantities are total lung capacity, total haemoglobin, 
haemoglobin concentration, blood volume, heart volume, 
and maximum attainable heart rate *•
Whilst references to higher maximum heart rates at 
exhaustion being indicative of greater fitness are rela­
tively scarce and of recent origin, the use of lower rest­
ing heart rates as fitness indices is widespread and well 
established* In an extensive review of the literature, 
Steinhaus (1933) concluded that •both the resting and 
post exercise heart rates are lower in trained than un~ 
trained persons. Raab, in his comprehensive review 
presented at the World Congress in Hanover, 1966, was 
able to extend the acceptability of resting heart rates 
•It has long been known and was many times reconfirmed 
that the well trained heart is characterised by a slower 
pulse rate at rest1.
During this review of the literature not one instance 
has occurred where resting heart rate has been shown to 
rise after a course of fitness training, though Taylor 
et al (194-9) discovered a * highly significant increase 
in resting (basal) heart rate with enforced bed rest for 
4- weeks5 in fit subjects. There are many papers in 
which published results support this view (Branwell and 
Ellis, 1929; Khehr et al, 194-2; Beckner and Winso r, 19 54-; 
Karvonen, 1959; Holmgren et al, 19605 Brouha, 1962; Raab,
1963; Tab akin e t al, 1965; Mon 10 ye and Ep st e in, 1965;
Andersen, 1968; Homoia, 1968)* Various levels for the 
resting rate are quoted, but the lowest discovered by this 
author has been by persons.1 communication of Ole Ritter 
(1968), a professional cyclist, who in October 1968 had 
a normal resting heart rate of 32 per minute* This rate 
rose to 36 on arrival in Mexico City for what transpired 
to be a successful attempt on the world 1 hr unpaced 
track record* Within 1 hr of completing 4-8*64 Inn during 
his record ride, Ritter*s heart rate had returned to 32 
beats per minute*
There seems then, in the light of established views on 
lower resting heart rate and recent advances in the study 
of maximum exercise heart rate, to be no obstacle to the 
use of a combination of these two measures as an index of 
exorcise stress tolerance® Though the increase in heart 
rate reflects increase in stress, it is not assumed to 
reflect increase in cardiac output and is not necessarily 
connected with it in a linear or any other fashion® It 
is merely a. ph5?-siological parameter which is used to assess 
the totality of the stress being undergone by the working 
man®
. Arising from this review it would seem that a fitness 
index which linked these two factors might be useful in 
the preparation of sportsmen for competition* In order 
to t
1* help to avoid the assumptions that such an index 
represents an absolutely linear increase in cardiac 
out 1
2* give a likely scale for the index ranging from 10 to
approximately 100
3 * allow an expression of the,index to the neaiesu whole
number without losing too much accuracy -
a Cardiac
Assessment Factor (CAP) is proposed which is based upon 
the following formula?
CAP = Maximum exercise heart rate x 10 
Minimum resting heart rate
The ensuing sections of this thesis are devoted to 
analyses of the reliability, validity and objectivity 
of the CAP; its usefulness as a test of exercise stress 
tolerance; and to obtain some idea of the normal
values in the population for whom the test is intended®
Chapter 2
Methods of Measuring Heart Rate
a. Definition of Heart Rate.
‘Heart rate* is defined for the purpose of this work 
as - ‘the frequency of systolic ejections from the heart, 
expressed as a number of beats per-un.it time'#
Since the conditions affecting the heart at an5' given 
time are unique for that occasion, then each contraction 
of the heart muscle can be considered to be a unique act, 
and to reflect the effects of those specific conditions 
on the heart during that contraction* In this case, a 
truly valid examination of a cardiac cycle can only be 
made during that cycle* In considerations of heart rate, 
the most valid expression of a heart rate might then be 
considered to be an extrapolation of the time period of 
one cardiac cycle into a number of beats per unit time ~ 
eg, one minute. Or, the time consumed by one complete 
cycle could be expressed as a period of time, though 
this would not strictly represent heart rate»
It is usual to.express heart rate in terms of ‘beats 
per minute1, even though the time period during which the 
heart is under observation might be more or less than one 
minute. If the beating of the heart is considered to 
reflect?
1 * The general level of metabolic demands at a given time, 
and
2* specific, and perhaps transient, factors which affect 
the heartf s capacity to undertake * 11, 
then the period of time over which the heart beats are 
measured should depend upon the relative importance of 
these two factors in the analysis being performed.
If transient effects are being studied, then short periods 
of measurement, or single beats, should be used in order to 
avoid the risk of-failing to detect transient beats* This 
technique has been used recently by Danko (1966) in an inv­
estigation of heart rate and fitness, wherein he makes pre­
cise investigations of changes in electrocardiogram wave 
segments with increase of heart rate. He expresses an 
increase in hes.rt rate as a ‘quickening of the heart beats' 
measuring the beats by the time intervals between #It? 
waves of successive beats*
Corser and colleagues (1968) studied the effects of 
heavy weightlifting on cardiac function, expressing each 
heart beat in relation to its fellows - ‘Changes in heart 
rate from beat to beat were markedly constant during the 
'lift; calculated as beats per minute, the mean difference 
between consecutive beats was 5*4 , SD 615, with only one 
beat significantly different® A similar technique was 
used by Vaughan Thomas (1968)in a study of a protracted 
weightlifting training session* Using these methods, 
these authors were able to detect specific transient effect 
upon the heart1s beat; such as 1 G* effects, intertruncal 
pressure changes; sudden postural changes, etc.
In a paper which demonstrated the rapid sophistication 
of modern methodology, Cardus (1967) reported his applic­
ation of computer recording of exercise electrocardiograms.' 
His use of ‘heart rate* is interesting - ‘the analog rec­
ording that we use to calculate the beat by beat heart rate 
(sic) is the electrocardiogram. Heart rate is obtained 
by measuring the R-R interval. The conversion of this
measurement into a meaningful expression requires two 
operations? first, a linear measurement..... second, the 
conversion of this measurement into time units*•«**a 
third operation is the conversion of R~JR intervals into fre­
quencies*. The heart rate computer plot shov/n by Cardus is 
virtually a scattergram of instantaneous rates v/ith an int­
egrated curve superimposed above them* This ‘best of both 
worlds* approach is obviously highly sophisticated and exp­
ensive, made possible as a function of the N.A.S.A. Manned 
Spacecraft Centre in Texas*
On the other hand, metabolic conditions which could be 
described as steady require the establishment of heart rates 
over longer periods of time* Though Tuttle.-* (1931 and 1944) 
advocated 2 minute pulse counts, it is more usual to use 
1 minute counts in these conditions - the practice seeming 
to have originated from early workers such as Crampton (1905) 
and Rarach (1914) who used 1 minute counts in their fitness 
tests*
The majority of workers, however, use the technique of 
extrapolating heart rate, in terms of beats per minute* 
from counts of heart beats in a given period of time*
These periods are always easily treated fractions of a 
minutes
i  minute - (Seliger, 1968; Balke et al, 1966; McCurdy and
Larsen, 1935? Schneider; 1920; Hettinger et al, 
1961; Meyers and Blesh, 1962)
1 minute -(Bowen, 1904; Kurucz et al, 1969; Ikai et al,
'g'
1966; Adams, 1964; May and Shephard, 1969;
Cotton and Dill, 1935)
1 minute -(Sevan et al-, 1970)
T2
1 minute - (Borg and Dahl strom, 1962)
T5
1 minute -(Millahn and HeIke, 1968)
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This technique has the merit of being easy to apply, and 
to reflect in varying proportions the steady state versus 
transient functions of the heart rate* If the method 
involves counting to the nearest whole beat of the heart 
then a certain degree of measurement error 'Will be prob­
able* For example, at three different rates of beats per 
minute the following percentage errors could occur using 
the respective time counts - assuming a count being i  beat 
inaccurate, which would he the greatest possible error in 
an individual measure?
Time of counting (in seconds)
Heart Rate 15 10 5 4 0•J
_V CO o 1 . 1 1.7 3.3 4.2 5.5
120 1.7 2,5 5*0 6*3 8*3
60 3.3 5*0 10*0 12*5 ' 16.7
In only one of the reports mentioned is a more precise 
measurement described, in fact by Cotton and Dill (1935) 
who used a write out from a cardiotachometer to count 
beats to the nearest beat* Estimation of parts of 
beats by palpation would be an extremely difficult tech­
nique, especially at high heart rates, and this method is 
probably of reliable value only in measurements from a 
trace*
A more reliable technique of extrapolating heart rate 
would seem to be of measuring as precisely as possible 
the time duration of a given number of beats* This
technique was advocated for a three beat count by Malmo 
and Shagass (1949), Iv!on to ye et al (1969) for five beats, 
Christensen et al (i960) and Ikai et al (1966) for ten 
beats, and G-rimby and Nillson (1963) for 30 beats. Thus 
the part beat error is eliminated, leaving the problem of 
perhaps awkward times as factors of complete minutes. 
However, stopwatch dials can be calibrated to give direct 
reading of heart rate for a given time elapsed (Plate 1).
A further consideration of extrapolation of heart rates 
concerns the effects of differing rates or time periods 
during measurement* If a given number of beats has been 
specified as of optimal validity for analysis, then the 
use of a constant time elapsed count could significantly 
alter the number of beats actually measured. For 
example, a counting perjod of 10 seconds would include 
30 beats at 180/min, or 5 beats at 30/min. Comparison 
of these two readings might then be invalid. The cor­
ollary is also true, that when a given time period is 
specified to be optimally valid, the use of a count of a  
constant number of beats to establish the rate might be in­
valid.
Detection of Heart Beats
For the especially practical purposes of this investi­
gation, two methods of detecting heart beats are partic­
ularly suitable:
1c Electrocardiography (direct and telemetered)
2* palpation
Electrode Placement: The usual placement of electro-
Plate 1, Heuer Heart Rate Stopwatch, showing 
grip and first pressure*
cardiograph electrodes is such that gross muscle move­
ments can set up large electrical field disturbances®
Even using wrist electrodes when the hands are fixed in 
a position away from the hody*s main muscular effort 
(eg the normal cycling position) poses major problems of 
artefact when strenuous efforts bring the arm muscles 
strongly into play (Pig 1). In this study the method of 
placing and fixing electrodes has been such -that:
1. The electrodes are as close as possible together whilst 
avoiding crossconduction - usually 2,5 cm (Plate 2)
2, The electrodes have been near enough to the heart to 
obtain maximum signal/noise ratio with the given 
intra-electrode distance (Plate 3)
3* The electrodes are not directly above muscle fibres 
(Plate 3)
4® The earth electrode is at any convenient bony promin­
ence where there is little subcutaneous soft tissue
Using this technique, the resulting electrocardiogram 
wave form gives a relatively large amlitude QRS component, 
which makes heart rate measuring easier. Prom a clinical 
analysis aspect, it is possible for even a relatively un­
skilled observer to detect inversion of parts of the wave, 
alterations in temporal phasing of wave components, gained 
or lost impulses during over or undercompensation of heart 
rate, and rhythmic fluctuations of rate (Pigs 2 and 3)« 
These are discussed in greater detail by Hyman (1959)? ana 
have figured prominently as subjects of papers at the more 
recent World Congress of Sport Medicine, Hanover, 1966®
Figure 1• Electrocardiograms, showing artefacts durin 
strenuous activity - a)transition from 
activity to rest, heart rate measuring difficult during 
activity, b)heart rate measuring possible in spite of 
large artefacts, and c)very reliable heart rate measur­
ing in suite of artefacts*
Plate 2, Fixing electrocardiograph 
electrodes 2,5 cm apart.
Plate 3« General view of tele-electro
cardiography of subject, particularly 
the position of electrodes in relation to 
chest musculature and heart.
Figure 2* Waveform changes during exercise electro 
cardiography - a)normal waveform, b)inve 
rsion of ’ R ? wave during overhead weightlifting 
mano-uvre, c)lengthened 5R - R* interval.
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Figure 3»* Further - waveform- changes during electro­
cardiography - traces showing gained and 
lost impulses* ■and-rhythmic and non-rhythmic fluct­
uations in ratee
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Electrode Fixing;
1.When the experimenter has to reply upon the voluntary 
and repeated goodwill of his subjects, his methods 
should be such as to minimise the psychological and 
traumatic effects of his experimental techniques*
When these subjects are sportsmen, many of whom have a 
pathalogical fear of wounds (however slight) and to 
whom production of maximum effort is impossible when in­
hibited by painful, claustrophobic or restrictive appar­
atus, then methods have to be simple, painfree, quick, 
and psychologically acceptable* Such conditions prec­
lude the use of needle electrodes, pin electrodes, strong 
adhesive, prolonged and/or deep skin abrasion etc*
2C Massive muscle movements, heavy sweating and high 
peripheral temperature create difficult conditions of 
adhesion, which can be solved by using very light and 
small electrodes.
3*'For.long duration experiments on high cadence acti­
vities, the electrode attachment to the wire should be 
very robust*
4c For experiments involving many subjects in a short 
space of time the electrodes need to be easy to clean.
Wire Placing; Hyperventilation, gross trunk movements 
and manual disturbance by subjects can cause large arte­
facts in the electrocardiogram. The path taken by the 
wire should be selected in such a way as to minimise these 
effects.
Peripheral Resistance; The strength of the signal when

Plate 4* Subject running vigorously on 
inclined treadmill, showing electrocardiograph 
transmitter on waist belt, and receiver 
(with aerial) in the background.
I
signal of each transmitted 1R* wave, and was in some 
instances connected to a portable electrocardiograph thus 
.giving a write out from which heart rate could be calcu­
lated. All of this portable apparatus was battery power­
ed, being manufactured by the Nippon Electric Company, 
Tokyo, or Parkes Electronics Ltd., Massechusetts. An 
example of the write out is shown in Figure 4* The 
paper speed has been cal.ibra.ted before each recording 
session in order to reduce errors in'calculating heart 
rates.
2* In some activities it has been -possible to use a port­
able battery powered fCardette* electrocardiograph conn­
ected by direct wires to the subject-. These activities 
have been swimming, cycling and canoeing.. Since all of 
these carry the possibility of the electrodes being wetted, 
the electrode site was completely sealed with a proprietary 
rubber based adhesive (Copidex)* The recorder was carried 
by the operator at the poolside, on the rear of a tandem 
cycle, and in the rear of a two seater canoe respectively; 
being protected from wetting by a loose polythene bag 
which still allowed operator access. An example of a 
trace obtained by these methods can be seen in Figure 5 
3* Under controlled laboratory conditions, the problems 
of obtaining electrocardiograms during even the most- 
violent of exercise have been minor. It is true that 
the trace may still contain artefact due to electromyo­
graphy, electrode displacement, or skin movements-- but 
these can be minimised or prevented completely (Fig 6),
The exercise has been restricted in nature - of locomotion 
by using stationary bicycle, treadmill or rowing machine, 
and of other types of work by keeping it within a close 
area - such as weightlifting.
Palpation? Luring this study, palpation of heart beats 
has been made with the tips of three middle fingers on one 
hand; applied to the resting subject over the radial 
artery, immediately medial to the styloid process of the
Pigare A * An example of a trace obtained on a
badminton player, using an electrocardio­
gram. telemeter, connected to a portable oscillograph.
Figure 5* An example of a trace obtained on a 
canoeist, using'a directly connected battery powered 
electrocardiograph.
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'Figure 6* Examples of electrocardiograms where it 
it is easy to detect *Rf waves against 
artefacts caused during: a) rowing,- b) cycling,
and c) repetitive jumping'*
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radius, and to the exercising or recovering subject 
above the external carotid artery posterior to the mand­
ible (Plates 6 and S ') •
Timing Heart Beats? Two methods of timing heart beats 
have been used:
1. Direct, using a stopwatch, activated by the operator 
2* Indirect, measuring R-R intervals on a, calibrated 
paper trace*
In view of the earlier discussion (pp 47 ~ 51) resting 
heart rates were timed over a period of one minute, and 
high exercise and post exercise rates were timed over 
ten consecutive heart beats*
1*1 Direct -'A study was undertaken into the accuracy of 
measurement by palpation of high post exercise heart rates*
Plate 5* Pulse palpation immediately 
post exercise.
Plate 6. Pulse palpation during seated 
recovery.
A Study of
Method*
Operators:
Equipment:
Procedure:
the Accuracy of Measurement- by Palpation of 
'High Post Exercise Heart Rates
Five male physical educators
Heuer heart rate stop watch, calibrated to read 
heartrate from ten pulse time intervals (Plate 
1, page 52)
Mueller cycle ergometer, having a variable cam 
magnetic resistance (manual or automatic), 
internal calibration , and adjustable pedalling 
rate monitor* The ergometer was modified by 
fitting racing pedals with toeclips, extra long 
saddle pillar and racing saddle, dropped racing 
handlebars with brake units for gripping*
N •E.C. Spurt t e1e-e1e c t ro c ard i ograph 
Phillips single channel oscillograph
1.Technique training: The operators were
given instruction in the technique of measur­
ing immediate post exercise heart rate. The 
technique used was one which, required the 
operastor to palpate the left and right exter­
nal carotid arteries of the subject, using one 
hand with thumb one side of the neck and the 
index and middle fingers the other,. This 
position could be achieved within a second 
of exercise ending provided that the operator 
warn adjacent to the subject, and that the sub­
ject was free of vigorous movement
The first three or four pulse beats were allowed 
to elapse before commencement of recording, in 
order to accustom the operator to the cardiac 
rhythm. .The stopwatch was held within a circ­
ular framework provided by the index finger 
and the thumb, with the distal phalangeal joint 
of the index finger over the stopwatch button.
The middle finger was curled to lie flush against 
the back of the stopwatch, providing a secure 
base (Plate 1f page 52)1 The index finger was 
depressed to take up the stopwatch button safety 
margine
At the pulse beat when recording was to start, 
the index finger was depressed further to start 
the watch mechanism. Simultaneously the oper­
ator would begin a mental count of 5 Go, one, 
two , three • • •, • •, eight, nine , Stop5 , During 
this count the operator would release the stop­
watch button,'then re-apply the first pressure.
On the mental count 'Stop1, the second pressure 
would again be applied to halt the mechanism. 
Operators were instructed to count; by rythm 
rather than by specific beats, since occasional 
cardiac arrhythmias tend to confuse a beat by 
beat count.
The heart rate was read off by the oper­
ator, with one .eye closed and the other aligned 
at right angles to the watch hand, interpolate
ing or extrapolating as necessary between 
scale subdivisions on the stopwatch dial. 
Immediately after reading, the watch was zeroed 
in order to be ready for subsequent.use.
When the operators had acquired this technique, 
practice was made over a period of at least two 
weeks, with five half hour sessions per week, • 
Various stimuli pulses were used, including 
visual (pendulum), aural (metronome, watch 
tick), and tactile (sphygmomanometer, cardiac 
pulse), at rates up to 250-per minute. Imm­
ediate error feedback information was given 
after each practice reading, the results being 
recorded*
Each operator reached a stage where his mean 
error was of the order of 2fo, and was allowed to 
proceed with one of various student projects 
involving heart rate measurements* After a 
period of three months each operator was tested 
for his accuracy of maximum post exercise heart 
rate measurement*
2e Operator Assessment: 20 male sportsmen
acted as subjects* Each was prepared for tele- 
electrocardiography, using the electrode place­
ments described previously ( pp 51 - 53 ) • 
telemetered signal was amplified and fed into 
the pen oscillograph* The subject was allow­
ed to warm up, and then performed 5 maximal eff­
ort sprints of approximately 400 m. Each of
the 5 operators measured the post exercise 
heart rate on one of these sprint s. 'The 
readings were recorded, a total of 20 for each 
operator, and compared with the precise rates 
as measured from the electrocardiogram trace 
sH f waves by the technique described earlier 
(pp 4.7 ~ 51). The two measures of each heart 
rate provided an error m en s u r e  in each case. 
These data are shown in Figure 7®
The mean error was calculated for each 
operator;
1 2 3 4 5
-2.10 -1 .95 -0.50 0.75 -1 .60
which gave a composite mean error of 1*08 beats 
per minute. Each operators mean error was 
then subtracted from each of his 20 readings, 
to provide a measure of his variability. These 
resulting differences were summed over the 100 
readings, and an error standard deviation of 
1.90 beats per minute was calculated.
These two error measures ( x = - 1.08, and 
S.D. = 1.90 beats per minute) related to 100 
measures of heart rate with a mean of 189.42.
Figure 7* Measures of heart rate obtained by 5 operators
in comparison with measures taken from .e.c.g.
1 2 3 4 5
0 M D 0 M D 0 M D 0 M D 0 M D
188 190 2 194 195 «* 193 195 2 195 199 4 180 182 2
195 195 0 182 182 0 200 201- 1 194 197 3 180 180 0
193 194 1 207 208 1 190 192 2 190 194 4 188 189 1
192 192 0 190 190 0 179 180 1 189 191 2 183 183 0
189 189 0 184 185 1 192 194 2 193 196 3 182 183 1
185 183 -2 188 188 0 195 195 0 168 170 2 187 187 0
202 200 -2 192 192 0 187 187 0 187 188 1 176 176 0
197 195 ~2 196 195 -1 20 5 205 0 195 196 1 193 192 -1
197 195 -2 185 183 -2 190 190 0 198 199 1 1.9-3 192 -1
194 191 ~3 181 179 -2 199 199 0 192 193 1 197 196
182 179 “3 200 198 -2 200 200 0 176 176 0 190 188 -2
172 169 -3 185 182 -3 202 202 0 192 192 0 190 188
202 198 200 197 *”3 187 186 -1 186 186 0 186 184 -2
186 181 191 188 _3 200 199 -1 192 192 0 182 179 -3
198 193 -5 190 187 -3 195 193 -2 202 202 0 176 173 -3
180 175 .,5 170 166 -4 195 193 ...2 180 179 .1 182 179 -3
199 193 -6 '188 184 -4 195 193 —2 191 190 -1 181 177 -4
182 181 -1 197 193 -4 193 190 -3 180 179 -I 172 168
Aa.
193 198 -1 194 189 -5 190 187 -3 193 191 -2 173 168
192 191 -1 185 179 -6 166 162 -4 198 196 -2 184 179 -5
-42 -39 -10 15 -32
•Vu*. -2,10
-i“■* * s95 ~Qe50 0,7 5 -1.60
0 M D
18834 108
188.34 1.08
1.9
0 = Original measurement taken from trace 
M = Manual palpation measurement by operator 
D = Difference*between two measures
18942 
x 189.42-
SD
i fee there was a mean bias to underestimate heart rate by 
1.08 beats PLUS an error standard deviation of 1.9 beats
Discussion of Results! The training of the five operat­
ors under investigation was extremely thorough. Their 
achieved reliability was expressed as a standard devia­
tion of 1,90 beats per minute, against a mean heart rate 
being measured of 189,4-2, This can be expressed as a 
standard error of 1 a/o f or that the probability is 0*01 
that any given reading will err by >  3fo a Dorter et al 
(196?) express the commonly held opinion that errors of 
this magnitude are acceptable in physiological recording — 
fmeasurement of the heart rate has the primary adxrantage 
of simplicity and accuracy, having a mean error of 1 « 2/o 
when determined over 30 seconds from a recording5 ®
This level of accuracy is achieved in part by quoting 
for each operator his own, measured, mean errorc In 
fact, each operator was calibrated as if he were a normal 
scientific instrument, and his calibration constants brou­
ght into any calculations involving measurements made by 
him* Such a concept of the human operator is novel with­
in the field of heart rate reactions to exercise.
The fact that a constant mean error could be allowed 
for in calculations nullified the effect of this e r r o r  
on the results* On the other hand, the spread of errors 
around this mean, ie the standard deviation of errors, is 
a factor which dulls the sensitivity of the measuring 
methods, which discussion has been made on page 27* In 
the training of operators, greater emphasis ought to be 
laid on the reduction of the standard deviation of error 
- since by doing so the probability of detecting real 
differences in heart rate will be increased.. This is
especially relevant in the statistical treatment of 
data, since significance of changes or differences is 
normally assessed by comparing these with that part of 
the overall variance which can be attributed to experi­
mented. errore
1*2 Direct — Resting heart rates: The same five
operators as were used in 1d  were tested 20 times each 
against a metronome oscillating at. rates of 4-0 - 60 per 
minute. Dor these TOO readings, taking full minute 
counts, there was not one error®
1«3 Indirect: The most difficult aspect of measuring
heart rates from traces was to calibrate the paper speed 
of the various oscillographs being used® A system was 
devised of connecting a switch in parallel to a Venrier 
elecronic timer, giving pulses every'' second, thus calib­
rating the oscillograph input® Each oscillograph could 
thus be calibrated with a constant eEh representing the 
factor to be used in calculating heart rates from beats/ 
paper trace distance:
K distance measured ( in cm ) 
time elapsed (in sec )
Any heart rate would then be given by the formula
H.R.(beats/min) = 60K  N o . of beats counted
Distance measured (in cm)
In cases where a great many measurements of exercise 
heart rate were to be measured from a paper trace operating
at a constant speed, then it became mere efficient to 
make a perspex graticule for that specific paper speed® 
'Figure 8 shows an example of one such graticule®
Resting heart rates were calculated from 1 minute 
counts, based upon the relevant paper speeds® With one 
operator, the accuracy of ths system of indirect measur­
ement of heart rate was assessed against an 1\T* E® Ch trans­
istorised clock feeding the relevant impulses into the 
oscillograph® Expressed in terms of the nearest whole 
beat, there was no error® That is to say, whatever 
error was present was smaller than - 6u 2;> 1° yor pates up 
to 200 beats per minute®
Figure 8 *
Outline drawing 
of typical heart 
rate graticule, 
usually mad e of 
perspex.
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Calculation of High Exercise Heart Rates from Post Exercise 
Heart Rates
It is often impracticable or impossible to measure 
heart rates either directly or indirectly during strenuous 
exercise. In such casesf the lag in heart rate recovery 
which immediately follows exercise allows a heart rate to 
be measured which is still elevated above normal due to 
the effects of that exercise. If the nature and prec­
ision of the relationship between the recovery rate and 
the exercise rate could be determined* then the former 
could be iised to calculate the latter.
Cotton and Dill (1935) used one of the earliest tach­
ometers to study this relationship, particularly with 
regard to very strenuous work (exercise heart rates being 
mainly in the region 170 - 190)® They found that a 
heart rate established within 10 seconds of stopping 
exercise would be within 3$ of the end-exercise rate.
Since most of the work concerning heart rate reaction 
to exercise has been with submaximal levels of work, 
there does not appear to have been any refinement of 
this concept to date, though Rhyming (1953) reiterates 
the concept that 1 in general, observations during or at
the immediate end of exercise are to be preferred*.
Christensen et al (1960) included measurements of
heart rate within their study of intermittent and cont­
inuous running at anaerobic levels. Though the work 
was not always completely exhausting, it was occasionally 
so, and by measuring heart rates from a trace they concl­
uded 6 It is clearly demonstrated that the heart rate at 
work and for the first 5 seconds of the rest period are
identical or practicalIy iden11cal (sic). This general 
finding for all work and rest combinations is of signi­
ficance as to the reliability of judging the rate at 
work from pulse counts obtained during the first second 
after work has stopped. In this laboratory a commonly 
used procedure is to take the exact time with a stop­
watch for ten pulse beats immediately when work stops. 
Especially when using the heart rate as an indicator of 
physiological load in athletics or in industrial work, 
where pulse counting during actual work often is diff­
icult or impossible, it is of importance to know that 
post exercise values, when taken immediately after work, 
that is within the first five seconds, are reliable indite - 
eators of the actual'work situation'.
This work was performed with only two subjects, and 
no mathematical justification can be found in the paper, 
or any other paper from that laboratory (the Dept, of 
Physiology, Royal Central Gymnastic Institute, Stockholm) 
for the assumption of reliability inherent in the methods. 
However, the reputation of the authors is high in the 
field of exercise physiology, and their methods are worthy 
of careful consideration. In the particular paper men­
tioned, the exercise heart rate was measured during the 
last 5 seconds of the exercise period.
Shephard (1966), who is another worker of eminence in 
exercise physiology, examines the notion of timing of post, 
exercise pulse readings. His investigations are well 
performed, with continuous recordings by direct and tele­
electrocardiography. Hot only did the author grade his
subjects on their fitness as measured by sports compet­
ition* but also by maximal oxygen consumption. During 
a variety of exercise tests Shephard discovered that 
•Immediately following maximal exercise, the pulse rate 
was greater in the ‘fit* than the funfit1 subjects*, and 
that the •best discrimination* between these was achieved 
by pulse counts at least 2 minutes after maximal exerc­
ise. 1 Best discrimination1 is not defined by the author, 
but is presumably lower heart rates from the context of the 
papere However, Shephard refers to Khehr et al (1942) 
in stating 'During maximal effort heart rate tends to a 
limiting value which is relatively independent of the 
cardiovascular 'fitness* of the individual9. It is 
strange to find him later in that paragraph making the 
conclusion 5if all subjects are exercised to exhaustion, 
somewhat higher terminal heart rates may be found in 
the *fitf than the 'unfit* since the former are more 
accustomed to vigorous exercise and tend to push them­
selves closer to their true physiological limit' - esp­
ecially since he does not implj^ criticism'of the first 
statement. The paper lacks precision in its definition 
of terms, but what does emerge is that the author sees 
the immediate post exercise heart rate as a valid appr­
oximation of end-exercise heart rate, though no statis­
tical validation is made®
In 1968 McArdle and others investigated the validity 
of post exercise heart rates as exercise heart rate, estima­
tes after work of varying intensities® Of most relevant 
interest was their study of the problem at an exercise
intensity which was adjusted.to produce an exercise heart 
rate of 180 per minute in their subjects® Tele-electro­
cardiography was performed and heart rates established 
during the last 15 seconds and during the first three 5 
second periods of recovery*, They discovered a mean fall 
of 0*7$ (range 0*5 ~ 1*7) in heart rate during the first 
5 seconds. 2,7$ (1*1 - 4*3$) and 5*0$ (3*7 — 6*5$) in 
the second and third 5 second periods respectively*
They express this fall as an 1 error in estimating the 
exercise heart rate*, whereas it would have been better 
to consider the 0*7$ as a mean constant to add to the 
5 second post exercise rate in order to infer end- 
exercise rate* The range would then be a measure of- 
the variability of this predictor*
This notion of an 1untreated1 post exercise heart rate, 
being a valid measure of end-exercise heart rate was used 
in other work during 1968 by Adams, in a study of the eff­
ects of training* Re used an extrapolation of a 5 -  15  
second post exercise count to record as *terminal heart 
rate5* but gave no mathematical validation of the method® 
The first move, towards a more rigorous treatment of 
the problem was made by Millahn and Helke (1968) in a 
sophisticated examination of the behaviour of heart rate 
over the end—exercise period* They made an electronic 
integration of successive 3 second pulse counts from 
subjects performing a set work load (200 watts) for a 
set period of time (6 min), The exercise heart rates 
obtained varied from 157 - 197? and could not be truly 
considered as maximal* The authors calculated correlation
coefficients between exercise rates and post exercise rates 
as follows:
Post exercise time: 15 30 45 60
in secs  _
Correlation
coefficient: 0*942 0*782 0*724 0*688
and also provided a regression equation which, could be 
used to calculate exercise rate (y) from post exercise rate 
established within 15 seconds (x) s
y = 31 + 0*84 x
For the purposes of this study, it was necessary to 
calculate similar equations for maximal exercise*
The Calculation of Maximum Exercise Heart Rates from 
Post Exercise Measurements
Method:
Subjects: A total of 136 subjects attending the lab­
oratory for diagnostic fitness testing during 1968 
( o - 235 ct ~ 113 K  All subjects were of international 
or near international standard at their sports® The male 
subjects were aged x = 25„3S S.D® = 2.4- yrs* The female
subjects were aged x = 21*5, S.D* = 1.7 yrs* All sub­
jects except one male were white European, the exception 
being negro®
Equipment: Cycle ergometer (described on page 69)
Kaiser 8 channel pen recording electrocardio­
graph,. with plug extension box and screened
electrode cables 60 cm long; 1*5 cm silver 
domed electrode cups were soldered to the 
cables
Venner electronic timer
Leg anthropometer (Thomas 1968)
Heart rate graticule (Pig 8, page 78)
'Subject Preparation: The subjects changed into exercise
clothing, and rested on a. couch during preparation for 
electrocardiography. The method previously described 
( pp 51 - 61) was used to fix the two electrodes in 
such a position immediately inferior to the attachment 
of pectoral!.s major and anterior to the heart to have as 
little soft tissue between them and the rib cage as possible*
The electrode cups were 2*5 cm apart (Plate 2, page 55)«
A third, earth, electrode was applied to the anterior 
superior illiac crest* The electrode cables were hound 
together to minimise inter-cable movement artefacts*
Each subject was told that the test was designed to 
discover the limits of his endurance3 The precise 
wording of the pre-exercise briefing was subjectively 
selected by the operator bearing in mind the personality 
and sports type of each subject.
Each subject was encouraged to urinate and if possible 
defaecate before the test*
Procedure: Measurement of leg length was made and the
ergometer saddle height adjusted by the method of Hamley 
and Thomas (1967)® Subjects pedalled the ergometer at 
90 rpm and against a resistance increasing from 50 watts 
for females and .150 watts for males at a rate of 30 watts 
per minute. The subject was allowed to stop when exhau­
sted® During the test the operator would provide most 
intense verbal motivation to the subject. Exhaustion 
is defined for the purpose of these tests as:
1. an inability to maintain the work load coupled with 
a falling heart rate, or
2, the collapse of the subject*
Data Collection: A continuous write put of the electro­
cardiogram was -made during and for 5 minut e s aiter the 
test* If any abnormalities of the electrocardiogram 
were to occur during the test, exercise would have been 
stopped immediately,, During the 136 tests no signs of 
electrocardiogram abnormality were discovered® The
oscillograph paper speed was calibrated before each test.
Heart rates were established by direct measurement of
10 pulse intervals, and calculated for each 5. seconds of
the last 60 seconds of exercise and the first 60 seconds
of recovery. This provided 25 heart rate measures for
e
each, subject. Speedy and accurate measurements of heart 
rate were effected by using the heart rate graticule 
described previously (Pig 8, page 78), inscribed to 
convert 10 pulse interval distance directly into heart rate® 
The calculator would be superimposed over the electro­
cardiogram *Rf waves.
The data are shown in Appendix 1•
Data Processing? The data were punch carded, and a 
computer multiple regression analysis was performed*
The significance of the regression was computed by anal­
ysis of variance for the regression® \
Results: The complete multiple regression for the post
exercise heart rates against the maximum exercise heart 
rates (variable 26) is shown in Figure 9« Variables 
14 - 25 refer to the successive post exercise heart rates 
at 5 second intervals:
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It can be seen that the smallest standard error is 
obtained by variable 14 (being the 5 second post exer­
cise count)6 A single regression between this variable 
and variable 26 is shown in Figure 10.
Figure '10, R e g r e s s i o n  b e t w e e n  5 s e c o n d  p o s t  exercise 
heart rate ,  a n d  maximum. e x e r c i s e  h e a r t  
r a t  ed
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The standard error of this single regression is 2.84* 
b y .comparison with the multiple regression standard error 
of 2.79.
Multiple correlations performed between selections of 
variables and variable 26 can be seen in Figure 11 t
Figure -11. Multiple correlations between selections 
of variable s and variable 26.
Selection of Intercept Multiple Standard
variables Correlation Error
14 & 20 5.78325
14 & 25 5.67817
14, 20 & 25 5.93750
The combining of two or more post exercise rates 
results in no improvement in the standard error of the 
estimate.
The standard error of single regressions between each 
of the post exercise rates in turn and the maximum exer­
cise rates can be seen in Figure 12?
0.95845 2,84860
0.95859 2.84403
0.95865 2.85280
Figure 12? Standard errors of single regressions between
post exercise heart rates and maximum exercise rates.
Variable No, Time post exercise Standard Error
14 5 seconds 2G839
15 10 3.507
16 ' 15 4 5265
17 20 4.642
18 25 ■ . - 5.187
19 30 5.854
20 35 • 60 550
21 40 6 .1 1 0
22 45 7.202
23 50 7.590
24 55 7.913
25 60 8,281
Discussion of Results? Inspection of the multiple 
regression analyses reveals correlations and standard 
errors successively for all post exercise rates, some 
sub groups of post exercise rates, and the first post 
exercise rate against maximum exercise heart rate as 
the dependent variable. These are summarised in Figure 
13?
Figure 13: Summary of Correlations and Standard Errors
Independent Correlation Standard Error
Variable
All post exercise rates 0,963 2,793
Sub-group (14 & 20) 0,958 ' 2,849
(14 & 25) 0,959 2,844
” <14, 20 &25) 0,959 2e85;
5 see post exercise rate 0,958 2,839
These correlations and standard errors are so similar 
as to make the selection of independent variables to be 
used .more a matter of experimental expediency than of 
statistical significance. In this case* the use of one 
post exercise measure is to be preferred.
Inspection of Figure 9 (page 86) reveals that the 
increasing delay in establishing the post exercise rate 
is accompanied by large increases in the standard error 
associated with each rate. If one single rate is to 
be used in the regression equation* then the first 5 
s e c o n d  post exercise heart rate should be that one.
Conclusions: The methods used for measuring heart rate
are treated by a great number of authors as being of 
little significance• In a total of 70 papers examined
during the literature review concerning this present 
chapter;
1, 17 merely mentioned that heart rates had been measured* 
and gave heart rate data* without any further details,
■ 2, 27 gave the techniques used for detecting the heart
3e 26 gave the techniques for both detecting the heart
beat and calculating the heart rate.
In view of the previous discussion (pp 4-6 - 75) it 
is felt that the techniques of measuring heart rate should 
be described within the method section of papers. For 
the purposes of this study methods have divided into 
those with negligible' error* and those with an error 
sufficiently large to be accounted for in calculations. 
These divisions are specifically applicable only to the 
situations* operator training methods* and measuring 
methods that have been described. In the first category/ 
come all methods of measuring resting heart rate* and 
measures of electrocardiogram traces recorded during 
maximal exercise. In the second category come the meas­
uring by palpation of 5 second post exercise heart rates 
(error standard deviation of 1 fo) 9 and the calculation 
of maximum exercise rates from 5 seconds post exercise 
rates (standard error of estimate of 1,4-6#),
With regard to the latter technique it should be ment­
ioned at this stage that the specific requirement of 
this study has been maximum exercise heart rate* whereas 
the authors whose work has been reviewed earlier have 
used end—exercise heart rate after maximal work. The 
two are not necessarily the same* and inspection of the 
data used to derive'the regression analyses of pages 87*
89 and 90 (Appendix_1) shows the incidence of the maxi­
mum heart rates occurring at the particular pre-exercise 
end loointss
■Pre-exercise
end time * 
in secs.
Number of 
observations
0
5
10
110
11
1
1
4
3
1
2
20
25
30
35
40
45
50
55
60
1
1
0
0
The fuller implications of these data will be disc­
ussed later, but the fact that* even in these carefully 
structured experiments* it has not been possible to 
ensure that more than 81# of subjects have attained maxi­
mum heart rate at end point prevents completely valid 
comparison between these results and others mentioned in 
the review. However* a further regression analysis 
between end-exercise heart rate and post exercise heart 
rates was performed* and also between end-exercise heart 
rate and 5 second post exercise- heart rate (Figures 14 
acid 15)©
Figure 14, Multiple regiescion between poet exercise
heart rates* and end exercise heart rate,
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It can be seen that the correlations are slightly 
higher and the standard error slightly smaller, in these 
particular regressions, than the previous ones* End- 
exercise heart rates can be calculated with, slightly 
greater accuracy than maximum exercise rates, but they 
have less validity in terms of the exercise test under 
present investigation*
With the experimental conditions described, it is 
possible to measure heart rates at rest and maximal exer­
cise, with degrees of error ranging from negligible to 
1*4-6$ for the various techniques*
Chapter
Methods of Achieving
Minimum and Maximum Heart Hates
Methods of Achieving Minimum and Maximum Heart Rates
As discussed ee.rl.ier ( pp 36 - 38 ) , the phenom­
enon of an open ended range for maximum heart rates is 
of recent discovery. The notion of discovering the 
extent to which individuals are capable- of raising 
their heart rate through this range, and of relating 
this positively with fitness, is also relatively novel. 
On the other hand, the importance of recording a true 
minimum heart rate in diagnosing the fitness of indi­
viduals seems not to have been assessed® Resting 
heart rates have been used for many years, but gener­
ally no attempt has been made to relate these to basal 
rates established during the lowest levels of human 
functione
If both of these measures are to contribute valid­
ly to measures of fitness, then the extent to which 
each is a valid measure of a given physiological condi­
tion should be determined®
Minimum Heart Rate.
If heart rate is a valid measure of the level of 
physiological and psychological activity, then it would 
seem that the lowest heart rates should be experienced 
during the deeper parts of sleep* This phenomenon has 
been studied by many workers, and decreases in rate from 
waking to sleeping, from 2 beats to in excess of 12, 
have been reported by Blankenhorn and Campbell (1925)? 
Campbell and Blankenhorn (192 5), Oroilman (1930), Hess 
(1943), Kleitman (1923), Hygard (1939), Stevenson et ai 
(1929), Weichraan and Bamberger (1924), Pinotti and
Tanfani (1940), Shephard (1914), Aserinsky and Kleit- 
man (1953), Snyder et al (1964), Adkins (1964)?
Khatri and Freis (1967), Engel et al (1969)*
The extensive studies reported by Boas and Gold­
schmidt in 1932 showed that, although the minimal heart 
rate during wakefulness was lower than the maximal during 
sleep in virtually all subjects, the mean pulse when aw­
ake exceeded the mean sleeping pulse by 19 beats per mi­
nute (82,6 - 63*7)« The minimal heart rates during 
sleep were 52.7 for men. and 57*7 for women. In 103 
subjects, 14 had sleeping minimum heart rates between 
36 - 45, whereas only 3 achieved rates as low as 45 
when awake,, They showed the maximal sleeping rates 
to occur during the first two hours of sleep, and the 
minimal during the seventh hour. They concluded 
that the decrease in rate during sleep was due to a 
lowered metabolic rate, muscular relaxation, less affe­
rent nervous information, and a generally lowered r e f l e x  
excitability.
Aserinsky and KLeitman (1953) discovered * regularly 
recurrent periods during sleep distinguished by rapid 
eye movements (EM) constantly associated with a low 
voltage irregular electroencephalograph pattern’.
Stage 1 REM precipitated heart rates 10$ higher than 
before and after during sleep (which parallels the 
second hour phenomenon observed by Boas and Goldsch­
midt, 1932, op cit). Snyder et al (1964) reported 
’typical base line trends during sleep? heart and 
respiratory rates decrease progressively over the night 
. ....1 REM is accompanied by i) slight increases in 
average level and ii) marked increases in short term
variabilityc•
Khatri and Freis (196?) studied haemodynamic 
changes during sleep, and showed mean heart rates 
on 15 subjects, measured several times each, of 66*2, 
62*6, 58*0, 52.9 , and 65*5 corresponding to pre- 
sleep, four stages during sleep, and immediate arou­
sal* ' They pointed out that {with arousale****the 
level of sympathetic activity increased immediately 
towards that existing prior to sleep'*
In a careful study of different daily sedentary 
and exercise routines on 33 healthy subjects, Engel 
and others (1989) showed the lowest basal heart rate 
to occur at different times depending upon the subj­
ect's daily routine■» For sedentary and for exercise
every four hours routines the lowest heart rates were 
observed between 4 and 6 am, whereas for an 'exercise 
every 2 hours' group the lowest rates occurred near 
midnight*
These various workers have used the achievement of 
the lowest point in individuals' heart rate curves 
(usually achieved during sleep) as an indication that
t
'basal activity level has b e e n reached* Neither they,
nor any other workers, seem to have investigated the
differences between individuals in the absolute level
of their basal rates as being indices of fitness*
If inferences are to be made concerning an individual's
state of fitness based upon measurements of basal heart
t orate, then it would appear that the most valid time 
measure would normally be after approximately seven
hours of sleep. In a normal individual this would 
usually be at about 0600 hrs, unless his previous day's 
exercise routine had been such as to cause a shift in 
his sleeping reactions (Engel 1969*)• The data are 
sparse concerning the validity of these measures, and 
much work remains to he done in this area.
The reliability of the basal heart rate measure is 
affected by REM sleep, and such phases should be avoi­
ded when measuring the heart rate. The eye movement 
can be easily detected either visually by the opera­
tor, or by electroencephalography«
Other Measures of Minimum Heart Rate: Grollman (1930)
and Boas and 'Goldschmidt (1932) discovered the heart 
rate to rise markedly either at, or immediately prior 
to, awakening. There appear to have been no further 
studies to establish the precise relationship between 
these rates and basal sleeping rates. Apparently 
there is at least a difference between subjects in 
their arousal reactions, and Adolph (1960) has shown 
that for repeated readings on the same subjects there 
is a coefficient of variation of - 7,8^ in the 
'before rising* heart rate,
Taylor et al (T949) in a study of enforced bed rest 
for 4 weeks with healthy subjects discovered a highly 
significant increase.in resting (basal) heart rate over 
that period. Though not stated, this presumably ref­
lected an inversely proportional decrease in fitness.
In this case the basal pulses were measured at 8,30 am, 
the subjects presumably being awake at this time.
Goodwin and Cummings (1966) discovered an increase 
in mean heart from 56 to 80 when measured before
arising and after 20 minutes rest in the laboratory, 
on 6 water polo players. Homola (1968) suggests 
that when evaluating physical fitness with heart rate 
fit is sometimes necessary for an athlete to take 
his own pulse before breakfast for several days in 
order to determine his true resting pulse rate ' *
He quotes an average resting heart rate of 56 for 
marathon runners, and rates of 38 - 42 for highly 
trained distance runnerse However, he gives no 
indication of the acquisition of data concerning these
r
methods, and gives no indices of reliability and validi­
ty.
The wide fluctuation in rates recorded by these auth­
ors puts the validity and reliability of such methods 
into question., Even more questionable is the meaning 
of heart rates established in the laboratory, though 
these measures are very commonly made. Campbell (1968) 
accepts 5 minutes rest as sufficient to reach a 'rest­
ing heart rate'; Herxheimer (1948) used f10 minutes 
rest in a horizontal position' to achieve basal level, 
whereas Wolf (1959) required 20 minutes in a similar 
position. Pranks and Cureton (1968) performed an 
extremely sophisticated analysis of cardiac reaction 
to various levels of stress, but describe basal level 
merely as 'laboratory rest for 17 minutes’. One of 
England * s foremost exercise physiologists, Davies (1968) 
describes his method of achieving basal heart rate 
conditions- 'The preliminary period was standardised 
and consisted of a warm up period (6.44 xph on bhe
level for. 10 minutes), followed by a 45 minute rest 
jjeriod during which time the necessary electrodes and 
respiratory apparatus were fitted. The measurement of 
basal metabolic rate was then carried out'. More 
surprising is the measurement of basal heart rate by 
Smulyan (1566) in the laboratory after catheterisation 
of the subject. Even though the rates he recorded 
(x= 76, S.P. = 11) were fairly low, they could hardly 
be termed basal, especially in view of the discovery 
by Taylor (1963) that catheterisation significantly 
affected heart rates both during rest and work of vary­
ing intensities.
The wide range of resting values of heart rate was 
demonstrated by Ekblom et al (1968) where, even after 
1 hour of rest in the laboratory in the morning, 8 
physical educator subjects recorded heart rates between 
51 ~ 90 per minute® Herzman and Randall (1948) took 
their laboratory resting rate as close tp basal as 
possible, defining basal conditions as 'subject arrived 
at 7.00 am.* ®•.no food.....lay down for 90 minutes'.
Adams (1968) and Cullumbine (1949) were content to 
use resting heart rates established after the subjects 
had been 'seated for a brief time', the latter study 
giving a range of values between 62 - 110 per minute 
for a survey of 1000 Asiatic subjects® Other workers, 
some of great eminence, found it unnecessary to give 
precise methods of obtaining or defining resting heart 
rate (Brouha, 1959? Karvonen, 1959, Brouha, 1962; And­
erson, 1968; Tharp, 1968; Skranc, 1970) - rates in 
the regions of 73 — 14? 83 ~ 16, 64 and 84 being rep­
orted. In general, such authors concentrate on
showing differences between groups® on before and 
after treatments, in the resting heart rates obtained 
under more or less standardised conditions.- The 
absolute value of the heart rates is treated as being 
of little importance by comparison with the relative 
values recorded*
In a study of cardiac function tests of physical 
fitness, Tharp (1968) concluded ’if an easily measured 
index of fitness is being sought, it would be better 
to use the resting.heart- rate.....but most investiga­
tors are already aware that there are too many indi­
vidual variations in resting heart rate for it to be 
used as a fitness index5* These somewhat contradic­
tory statements perhaps illustrate the confusion which 
exists over the value of resting heart rates as indices 
of anything.
In a review of work and the heart Brouha (1969) 
stated that * studies are limited by the techniques 
that can be used.without impairing the subject’s health 
or his performance*. And yet, many authors have disc­
overed the heart rate to be an extremely sensitive 
reactor to many influences, which might be physical, 
environmental, physiological, psychological etc*
Rushmer et al (1959) found 300$ increases in dog heart 
rates, confirming the effects of anticipation on heart 
rate. Skubic and Hilgendcrf(1964) found that in female 
athletes a mean resting heart rate of ?2 beats per min­
ute rose to 138 immediately pre-competition, and to 
184 uer minute during competition* In a similar study
of water polo players Goodwin and Cummings (1966) 
recorded a mean pre-rising rate of 56, rising to 80 
after 20 minutes laboratory rest, to 109 .immediately 
pre-competition, and to 147 ~ 196 beats per minute 
during play*
Exercise physiologists seem to be divided on the 
relationships between various resting rates, and between 
these and exercise rates* Thoses supporting signific­
ant correlations between sitting and standing heart 
rate and reclining (non-anticipatory) heart rate, and 
correlations between the latter and exercise and rec­
overy rates are Brouha, (1960) and Taylor (1944)• 
Contrary opinions are expressed by Robinson (1938), 
Morehouse and Tuttle (1942) and Cogswell et al (1946)1 
Though these authors do not describe their methodology 
precisely, the disagreement in results1; is probably 
due mostly to differences in the conditions under which 
the pre-exercise heart rate is taken* That these can 
have great effects was demonstrated well by Hanson and 
Jones (1970) who have shown there to be significant 
changes in resting heart rates obtained, whilst sitting 
or standing, with very small postural changes*
The measurement of resting heart rates or basal 
heart rates depends greatly on the methods which are 
feasible, as well as upon which methods are desirable* 
Obviously, each individual achieves his basal heart rate 
whilst asleep, without needing to take any special steps, 
As described in. the previous chapter ( pp 61 ~ 63 ) the
detection of the heart heats can be performed best by 
tele-electrocardiography* This technique is not 
generally available, so that palpation remains the 
most feasible technique for the majority of obser­
vers* In this case, the observer merely requires 
access to the subject during sleep at an early hour.
■f*
Even with the greatss care, a certain amount of dist­
urbance must be caused to the subject, perhaps even 
to the extent where he awakes.
A study was undertaken to establish whether there 
were differences in the heart rates obtained by palp­
ation, between those measured on sleeping/aroused 
subjects between 6 - 7 am, and those measured in a 
laboratory situation*
Method«
Operators 1 male physical educator* aged 34 - 36 years 
during the course of the study®
Subjects: 112 male sportsmen of various categories,
(aged x = 21*27, S.D." 4*36. years)
Equipment: Pencil beam flashlight
Heuer heart rate stopwatch (PI at s 1, page 52) 
Procedure: The basal heart- rate of each subject-was
measured between 6 - 7  am while the subject 
was in bed* using the method described 
earlier (pp 69 - 72), sufficient vision 
being obtained by the use of the flashlight® 
Three total pulse counts were made for one 
minute each, the lowest of these being reco­
rded as basal heart rate® Later that day, 
between 10 - 1 1  am, each subject attended the 
laboratory where his seated heart rate was 
measured by a similar method (Plate 9)* A 
total pulse count for one minute was recorded 
as resting heart rate®
Results: The data are contained within Appendix 2*
The means, standard deviations, variances and 
significance level-of the variance ratio bet­
ween measures are shown in Figure 16®
Figure 16* Statistical data of basal and resting
heart rates
x S®B« ? F Ratio Sig.
Resting H/B 66c07 12*04 144*96 2*19 <0*01
Basal H/R 54.12 8*12 65.93
The Critical Ratio of the difference between these 
means is 8*71 s which is significant at <  0*0001 *
Conclusions! If the true basal heart rate of a sub­
ject is required, then it can be validly detected 
only by a continuous monitoring of heart rate during 
sleep in some way such as to cause no disturbance 
t o the sub j e ct« If thi s t e chni que i snot fea sible , 
then the greatest probability of recording basal heart 
rates in subjects is to measure them in their seventh 
hour of sleep (Boas and Colaschmidt 1932), avoiding 
REM sleep (Aserinsky and Kleitman 1953)? and using 
tele-electrocardiography* If only manual palpation 
is feasible, it should still be performed at the 
time and phase of sleep mentioned. The relationship 
between palpated and telemetered rates under these 
conditions is not yet known*
Resting rates established under laboratory cond­
itions do not appear to be valid or reliable measures 
of basal heart rates* Under the conditions of this 
investigation the difference in mean heart rates bet­
ween laboratory resting and early morning basal is
extremely significant, being 8*71 times the standard 
error of that difference* Moreover, the variances 
obtained math the two methods are significantly diff­
erent, the laboratory measure showing 2.19-times as 
much variance as the bed measure, thus indicating a 
greater reliability of the latter.
Maximum Heart Hate
The problem of-minimum heart rate as a concept was 
not to define it, since basal heart rate was an easily 
appreciable phenomenon, but to point out the diff­
erences between the various resting heart rates and 
absolute minimum (basal)* However, the concept of 
maximum heart rate is not easy to define* . Some opi­
nions were reviewed in Chapter 2, which fell broadly 
into two groups. The first, traditional, group con­
sidered the heart rate curve with:-increasing stress 
to tend towards an asymptote. The second, and more 
recent hypothesis, was that the human heart rate 
would continue to rise with increasing exercise stress. 
At that time the opinion of this author was expressed 
'That any subject has a linear heart rate response 
to exercise proves that subjects can be linear in 
their response, though not necessarily all subjects'.
In the first case, maximum heart rate is a defin­
ite state which can be achieved, and within limits 
of accuracy measured* In the second case maximum 
heart rate represents an end point some distance bey­
ond the limit which a subject can achieve at any
given time and under certain conditions - a n d  it 
cannot be measured,,
Various research workers have studied maximum, 
heart rates in exhausting work. Among reports of 
studies with healthy male subjects aged between 20 - 
40j the following maximum heart rates were obtained;
Author N . x K/P. S.D.
Astrand I (1960) 4 186
Astrand PO (1952) 29 195 11
u (1964) 12 186 3 ® 5
Holiman (1961) 80 176 8
19 (1961) 127 178 6
Metheny (1942) 30 194 -
Robinson (1938) 21 202
B y inspection it can be seen that these differences 
in mean maximum heart rate are considerable - so much 
so as to arouse suspicion that they might have been 
measures of different physiological states. Similar 
observations have been made upon other groups, for 
instance, healthy males between 40 - 50 years olds
Author
m, 1 ■ 1 -.1 ri -Turr -- m r
K , x  H / R ______ s . :d»__
Astrand PO (1952) 9 173 9
Ho 11m an (1961) 36 173 9
Robinson (1938) 9 184 -
In aught on (1965) 10 166 ...
Kasch (1965) 13 198 17.8
Perusal of research reports reveals that the majority 
of authors feel the method of achieving maximum, heart 
rate is not sufficiently important to warrant descr­
iption,.. Of 59 reports reviewed for this section,
44 made no precise mention of the methods used to ach­
ieve maximum heart rate.
However, a recent study of maximal exercise tests by 
Hermansen and Saltin (1969) states sRegardless of whet­
her or not treadmill or bicycle exercise is used for- 
the maximal run, there is the possibility that true 
maximal values for pulmonary ventilation, heart rate 
or blood lactate may or may not have been achieved.
For example,.during a maximal run the oxygen■uptake 
usually reaches a plateau before the pulmonary vent­
ilation and the heart rate® The obtained values for 
pulmonary ventilation and heart rate during exhaustive 
exercise are to a certain degree dependent upon the 
subject*s motivation*. It is interesting to see that 
Faulkener et al (1967) discovered no changes in max­
imum heart rate in subjects tested at sea level arid at 
altitude, though variations were recorded in oxygon 
uptake.
This uncertainty is reflected in another paper by 
most eminent workers (Falls et al, 1965), who studied 
the effects of cycling against a step wise increasing 
resistance of 150.kp-m/min each minute -until exhau­
stion (sic) or until two successive heart rate dete­
rm! nat i on s beeame c on stan t *•
Most workers seem to opt for only one of the two
criteria. Khehr et al (1942) stated fWe know that at 
a given age and under fixed conditions the heart rate 
cannot he pushed beyond a certain value1« Brouha 
(1959) wrote 1In extreme efforts a steady state can 
be observed in the latter part of exercise because 
the heart rate has reached its maximum and cannot in­
crease further4, In a study of serum enzyme reac­
tions to extreme levels of activity, Wuschech et al
(1966) used step wise increments of exercise, rec­
ording a plateau heart rate at the highest level of 
work - but the mean maximum heart rate recorded with 
this technique was only 178 beats per minute.
Kascb et al (1965) used increments of step up rates 
to increase exercise levels * increasing to an indiv­
idual maximum ranging from 37 - 58 steps/min in the 
6 - 8th minute of exercise.•«..inference of maximal 
work from plateauing heart rate and drop off of skill *• 
In Kasch*s study maximal work was equated with maximal 
oxygen uptake! Bonjer!s (1967) stud3^ of physical 
working capacity used a constantly increasing cycle 
ergometer work load which produced mean maximum heart 
rates of 191 at exercise end. He described exercise 
ending at smaximum oxygen uptake and (sic) maximum 
heart rate *, and shows them as occurring at the same 
point in the test. In 1967, Y/asserman and colleagues 
wrote 5Like oxygen uptake, heart rate reaches asymp­
totic values later in time at higher work intensities1, 
thus denying the coincident occurrence of these two 
asymptotes* Grimby1s (1967) investigation of maximal
exercise tests was also based upon the concept of 
a heart rate asymptote. He used step wise work 
increments, and made the point that fThe objective 
criteria that maximal values of oxygen uptake and 
heart rate had been achieved was that a further inc­
rease in work load above a certain level did hot 
give an additional rise in oxygen uptake or heart rate1 
The exercise was then stopped. The mean maximum 
heart rate recorded by his several groups of subjects 
ranged froml65 - 182 beats per minute.
These various authors have used incremental tests, 
generally reaching oxygen uptake asymptote within 
eight minutes. The plateau of heart rate which 
might occur at that constant level of exercise was 
described also as an asymptote, or subsequent plat­
eau after further work load increase. No authors 
describe a reduction;in heart rate following the 
achievement of the asymptote. That ..'a further incr­
ease of work load, or a change from step wise to 
constantly increasing work load, may have caused a 
greater heart rate seems not to have been investig­
ated in these papers.
More recently, ergonomists have used the second 
criterion of maximum heart rate. Masuda (1966) inv­
estigated cardiac function during all-out exercise, 
where *in the case of exhausting exercise the resis­
tance of the wheel was adjusted so high that pedal­
ling with maximum efforts brought the trained man in 
about three minutes and the untrained in about one
minute to exhaustion1, The relative work loads were 
different for the two groups of subjects, evidenced 
by the discrepancy in work time to exhaustion, but the 
concept of working at maximal level until exhaustion 
was the same for each* Letunov*s (1966) studies of 
sports hypoxia were made with subjects undertaking 
first an intermittent series of sub-maximal rides 
(4x3 minutes @ 1000 kg-m/min), then riding agaist a 
resistance of 1500 kp-m/min until 5the sportsman is 
unable to continue*« Bannister (1966) varied the 
technique slightly, starting his athlete subjects at 
1250 kg-m/min and increasing the resistance over 8 
minutes to 2215 kg-m/min. That rate was then held co­
nstant : 'until they could continue no longer*• Inci­
dentally, this study showed athletes ( x = 190 ) to 
have higher maximum heart rates than middle aged men 
( x = 180 )» In his exhaustion tests of fitness, 
Iliev (1969) puts the stopping point more succintly 
'using a bicycle ergometer, till refusal (sic) of 
the patients*. The important study of Jones and 
colleagues (1970) was particularly concerned with 
transient cardiac responses to exercise. Their sub­
jects 'were exercised to the point of exhaustion, 
using continuous multistage treadmill walking with 
increases in both speed and grade of treadmill every 
three minutes*. failure to maintain the rate const­
ituted exhaustion ( a similar definition to that given 
by Hellebrandt et al ? 194-0: and Karpovitoh and Pestr- 
okovj 1941 ) , though trie experience of this author 
is that it is very difficult to achieve such precise 
control of subjects on treadmills without some
danger of falling and injury, Jones describes the 
subjects* symptoms at this stage 'Dyspnea was prof­
ound, and in most instances they were pale and the 
skin was cool to the touch,*e,®The end point repre­
sented maximum exercise in each subject cl s judged 
by appearance and skin temperature1 * The maximum 
heart rates of the subjects came within the range 
190 -  210 ®
In this type of exercise it is interesting to 
note Kasch's (1966) statement pointing out a drop 
off in skill at axhaustion. Henry and Berg (1950) 
had established earlier that 'individual performances 
in exhaustive exercise are largely determined by 
psychological factors and specific skills '(sic),
Ekblom et al (1968) have made a similar point for 
sub-maximal work 'it should be emphasised that if the 
effect of physical training on the circulation is 
studied by the heart rate response to a sub-maximal 
work load, variations in the mechanical efficiency 
may play an important part'® The importance of 
these statements has probably not yet been fully 
realised®
If a subject's ability to. continue working when 
nearing exhaustion is dependent among other things 
upon his skill, a deterioration in that skill ( or 
mechanical efficiency) means that for the mainten­
ance of the same work load me a sure d 0 xt e rn al1y the 
subject is having to increase his internal work 
done® This- increase of work done may be at too
great a rate to be tolerated by the subject, whereas 
it could be moderated by a slight lowering of external 
work done - perhaps just enough to maintain the incre­
ase of internal work done within tolerable limits.
There do not appear to be any controlled studies of 
this phenomenon, but this author has often observed 
continued heart rate rises in exhausted subjects who 
are slowing down but refusing to give in near the end 
of a test* By carefully monitoring the increasing 
heart rate, and equally carefully reducing the work load 
the operator can help subjects to achieve greatly aug­
mented cardiac performances, measured by heart-rate* 
Figure 'I? shows the heart rates of two physical edu­
cation students who were competitive canoeists, being 
tested on a Mueller cycle ergometer (described on 
page 69), with the finishing work load being reduc­
ed over the last two or three minutes on a subjective 
basis by the operatore
Figure 17: Terminal and Recovery Heart Hates of Two
Subjects, Work load Being Manipulated.
Subject; AGP AY
Minutes H/R K/R
6i 201
'6 202
5i 202
5 204
pre" 4i 201 206
End 4 203 207
Exercise 203 209
3 204 211
2-J- 205 212
2 207 215
1-J- 208 215
1 213 215
4 213 215
END 215 218
1 198 196
Recovery 1 165
14 170 147
2 157 135
Age 19 21
Maximum Work Rate 41 kg-m 44kg~»m/
This author has not dfcovered reports of a comparable 
nature from other workersc Certainly, this method of 
precipitating high heart rates is worthy of further inv­
estigation.
It is apparent that the maximum heart rate of a subject 
is merely an expression of the specific degree of internal 
physiological stress he is experiencing at any given time® 
Where'physiologists have been mostly concerned with work 
capacity, or aerobic power, or oxygen uptake, then there 
has not been a necessity to precipitate extremely high 
heart rates during laboratory tests® Bonjer et al (1967) 
describe maximal tests 'They deal essentially with the 
maximum oxygen uptake, or absolute aerobic power'® The 
large discrepancy between laboratory maxima'and maxima 
recorded during competition seems to have been ignored 
by the 'asymptote school of thought*® As long ago as 
1950, Christensen and Ebberg reported heart rates from 
healthy competitive skiers between 250 - 300 per minute® 
These observations have been repeated by Brouha (i960), 
Rozenblat (1966) and Hermansen (1969)* Of course, it is 
common for middle distance sportsmen to be under greatest* 
stress during the last stages of a race, when they may be 
slowing down in terms of actual running pace because fat­
igue is altering their mechanical efficiency.,
In an attempt to shed some light on the effects of 
different testing methods in precipitating maximum exer­
cise heart rates, the following situations were examined;
1, Intermittent versus continuous exercise
2 « Constant versus incremental resistance 
3® Motivation versus no motivation 
4* Cycle versus rowing ergometer
The literature contains lew reports cf such studies 
as these into maximal exercise testing, Brouha’s review 
of the field in 1959, particularly concerning the work of 
his associates at the Harvard Fatigue Laboratory, stated 
’When exercise is not continuous, hut repeated several times 
with periods of rest intervening, the same general reactions 
are found* (as were with continuous exercise). Also he 
stated ’As soon as the rest time becomes too short, the 
heart rate increases during successive periods of both 
work and recovery®•*e.the subject comes closer and closer 
to his maximum working capacity and his exhaustion level 
(eg tennis players, successive bouts of sprint)
Astrand and Saltin (1961) studied heart rate responses 
in various types of activity using 7 well trained male
subjects® The subjects performed maximal work (sic)
/
of several types - ergometer cycling in sitting and sup­
ine positions, simultaneous leg and arm pedal cranking, 
treadmill running, skiing, swimming, and arm cranking®
They concluded that aerobic capacity and maximum heart rate 
are the same irrespective of exercise -type, at least in 
we 11 t r ai n e d at hi e t e s a
Brouha (1962) compared rowing and running exercise, 
and concluded ’It seems that for these experimental conditions 
the responses of the circulatory system of an athlete to 
haevy muscular work remain the same regardless of previous 
training and the nature of the exercise performed6• He
quotes heart rate maxima of 192 for his male subjects, 
and 196 for female*
In the next definitive review.- Bevegard and Shepherd
(1967) fairly cautiously stated that * At,* *..maximal work 
stroke volume and cardiac output may he similar for upr­
ight and supine positions®«. There is no indication why th 
authors omitted heart rate from that statement, since if 
two factors of the cardiac output equation are similar, so 
should he the third I Hermansen and Saltin (1969) disc­
overed no difference in maximum heart rates achieved during 
treadmill running and cycle pedalling*
Ini e rmlt1 ent
Method:
Subjects:
Equipment:
Procedure:
versus Continuous Exercise*
40 male physical education students selected 
at random from the first year intake. The 
subjects were divided into two groups, 
matched by age in pairs within one month of each 
other® The mean age was 19*3? S.3). ■- 1*4 yrs. 
Cycle ergometer (described on page 69)
Pen oscillograph (described on page 84) 
Electronic timer (described 011 page 84)
Leg anthropometer (Thomas 1968)
Heart rate graticule (Fig* 8 , page 78)
Heart rate stop watch (described on page 69) 
Subjects attended the laboratory at various 
times during the day, within their first week 
at college® . Of each pair, one subject came 
30 minutes after the other, so that no subject 
was present when another was being tested„
At random, one subject would follow Test 1, 
and the other Test 2, after being prepared 
for electrocardiography (pages 51 - 61)®
The subject5s inside leg measurement was taken, 
and the saddle height of the cycle ergometer 
adjusted according to the method of Hamley and 
Thomas (1967)*
Test 1 (Intermittent) The subject pedalled the 
ergometer at 90 rpxn for periods of 60 seconds, 
with rest periods of 30 seconds® The first
exercise period was at 200 watts, each succ­
essive period being 50 watts extra until the 
subject demonstrated difficulty in maintaining 
the work rate* Subsequent exercise periods . 
were against slightly lower resistances, sub­
jectively set by the operator, this procedure 
being maintained until the exercise heart rate 
began to fall - this heart rate being measured 
by stopwatch using the method described pre­
viously (pages'69 -72).
Test 2* (Continuous) The subject pedalled 
the ergometer at 90 rpm without rest until his 
heart rate began to fall* The cam of the 
ergometer was adjusted to automatically inc­
rease the work load at a rate of 30 watts per 
minute from a starting load of 200 watts•
Mien the subject experienced difficulty in 
maintaining the work rate the cam was dis­
engaged and the resistance manipulated by 
the operator in the same manner as in Test 1 *
Electrocardiograph traces were recorded cont­
inuously throughout all tests*
Eat a
Collection: The oscillograph paper speed having been cal­
ibrated and a heart rate graticule made, as 
described in pages 76 and 77 ^ Exercise heart 
rates were measured using the graticule * The 
maximum rate achieved during the test by each 
subject is shown in Eigure 18:
Figure 18. Maximum Heart Hates of Subjects Undergoing 
Continuous or Intermittent Exercise
Test 1 Te st 2
190
199
204
200
185
188
183 
182 
179 
200 
191 
188
190
184
191 
194 
194 
194 
190 
179
202
205 
186
206 
195
190
194
202
209
208
192
187
198
204
200
175
190
215
218
■190.25 ' x 197.60 
6.89 S. 3). 11.31
Standard error : 
e t s _  9 7U — e j  (
sig. at <  0.05
3,09
Results; The mean maximum heart rates were 190*25 
(S#D« 6*89) and 197,60 (S«he 11,3*0 tor Tests 1 and 2 
respectively. The Standard Error of the difference 
between these two means is 3.09? and the difference 
between the means of 7*35 beats per minute is t = 2,37 
times the Standard Error - which is significant at the 
0,05 level of confidence. Within the limits of this 
investigation a group of subjects exposed to intermi­
ttent maximal exercise testing recorded significantly 
lower heart rates than a similar group, matched by age, 
who were exposed to a continuous maximal exercise test. 
These results are in accord with similar results pre­
viously reported by the author (Thomas 1970),
Discussion; In view of the comments by Brouha (1959) 
these present results are surprising. The validity of 
this investigation can be questioned regarding the match­
ing of the groups. It is not certain if the observed 
differences were in fact due to the test conditions, but 
the magnitude of these differences is greater than might 
have been expected from two groups selected from a fairly 
homogeneous population.
If the observed differences in the maximum exercise 
heart rates were:in fact due to the test conditions,■ 
the reasons could be;.
1V the benefits of the 30 second rest period coul^out­
weigh the increases during work periods
2, subject motivation could be weakened by rest periods
3, subjective manipulation of work load near exhaustion
might not be so successful luring intermittent work 
4. the relevant components of circulatory endurance and 
muscular endurance might change between the two test 
conditions.
Certainly these differences are sufficiently large 
to require maximal exercise tests to be standardised with 
regard to the timing nature of the exercise, Further 
investigation is necessary to determine whether different 
lengths of rest and work periods would result in the 
precipitation of higher exercise heart rates,
Constant versus Incremental Eir.erci.se
■ A search of the literature revealed no statements 
concerning the relative effectiveness of constant and 
incremental work loads in precipitating maximum heart 
rates*
Method*
Subjects? 16 male oarsmen of international or near-
international standard, aged x - 23*1,
SoD* = 3*4 years*
Equipments Cyc3.e ergometer (described on page 69)
Pen oscillograph (described on page 84) 
Electronic timer (described on page 84)
Leg anthropometer (Thomas 1968)
Heart rate graticule (Pig* 8, page 78)
Heart rate stopwatch (described on page 69) 
Procedure: Each subject attended the laboratory on
two consecutive days, at the same time each 
day* Subjects were prepared for exercise 
electrocardiography by the methods described 
on pages 51 - 61e On the first day the 
test comprised pedalling the ergometer at 
90 rpm against resistances of 100, 150 and 
350 watts for 6 minutes each, without rest; 
then the ergometer cam. was engaged to give 
a progressive increase of 30 watts per min­
ute* The subject was encouraged to continue 
pedalling until his heart rate, measured by 
palpation, began to fall* Towards the end
of exercise the subject would be permitted 
to fall slightly behind the set pedalling 
rate if he was absolutely incapable of 
maintaining 90 rpim
On the second day the subject would be 
allowed to warm up on the ergometer until 
he felt ready for strenuous exertion*
The test proper comprised each subject 
pedalling the ergometer against the maximum 
load recorded by him on Day 1, at 90 rpim 
Exercise end point was determined as in Day 
1 * Continuous electrocardiograph traces 
were made throughout the tests*
Data •.
Collection? The oscillograph paper speed having been
calibrated, maximum heart ra.tes were esta­
blished for each subject on each test, using 
the heart rate graticule in the manner desc­
ribed previously (pp 76 and 77)® These data 
were subjected to a Jt* test, and are shown, 
in Figure 19®
Figure 19. Maximaa Heart Rates of Subjects During 
Constant or Incremental Exercise
Incremental Constant
Exercise Exercise
194 184
182 174
200 190
188 181
196 185
182 184
198 190
179 178
180 172
172 169
205 201
181 179
208 204
194 190
205 191
193 191
191.06 x 185.18
10.52 S.D. 9.54
Standard Error 
!t<
3.71 
1.58 Hot Sig.
Results; The mean maximum heart rates for all subjects 
were 191*06 (S*I). 10*52) for the incremental test, and 
185«1'8 (SeD. 9*54) for the constant test* The Standard 
Error of the difference between these means is 3*71? 
and the difference between the means of 5*88 beats per 
minute is Et f _ = 1*58 times the standard error, which 
is not significant at even the 0*1 level of confidence. 
Within the limits of this investigation, a group of 
subjects exposed to both constant and incremental work 
loads to exhaustion failed to show a significant diff­
erence between the tests in terms of maximum heart rates,,
Discussion: If this investigation has resulted in a Type
2 error? that is to say, has failed to establish a signi­
ficant difference when one exists, then the reason must 
be that the standard deviation of scores is too great, 
or that the retest (day 2) heart rates were higher (rel­
atively) than they ought to have been* The standard 
deviation of scores in a test-retest situation, when 
each subject is his own control, is mainly a function 
of the normal differences between subjects, and cannot 
be considered to be due to experimental error* These 
subjects were all accustomed to performing exhausting 
exercise daily,•and it is unlikely that they would not 
have recovered from day 1 by day 2* The mean labora­
tory resting heart rates of all subjects were 71*8 and 
73*0 on the two days respectively, these rates being 
measured seated, after subject preparation*
The observed difference in maximum rates was 5*88 
beats per minute which, though not statistically sig­
nificant, is great enough to suggest that a similar
study should be undertaken with a larger group of 
subjects* The probability of making a Type 2 error 
would then be reduced*
Motivation versus No Motivation
During the earlier part of this author1s investi­
gations, exhaustion exercise tests were always perfo­
rmed under extreme motivation, provided by the oper­
ator * This seemed to be a reasonable experimental 
technique, since many workers had testified to the 
effiency of motivation in precipitating maximum exer­
cise efforts (Eenry and Berg, 1950; Astrand, 1956;
Saltin. 1959; Biorck, 1959; Brouha and Radford, 1960; 
Rosenblat and Solonin, 1966; Shephard, 1967; Hermansen 
and Saltin, 1969; Antel and Gumming? 1969; Khuttgen, 
1969), and to the lack of danger to healthy subjects 
in such tests (reviewed by Falls, 1970)c
The motivation method was devised and adapted sub­
jectively by the operator, based upon his assessment 
of the psychological, social and physical constitution 
of each subject* It was an intimate and individual 
method, specific to each subject and to each test*
In debate at the Royal Society of Medicine (1969) 
Donald, Edholm, Asmussen and Bannister expressed'the 
opinion that such methods of motivation involved a 
danger of subjects reaching heart failure during tests* 
The conclusion of the symposium was that this author 
ought to amend his techniques t o .exclude intense mot­
ivation. of subjects* Since that time this author has 
excluded vocal motivati.on 0f any kind from exhausiiv e 
exercise tests*
■ Without it having been a structured experiment, the
data acquired under each of these.regimes provide an 
opportunity to assess whether or not there is a diff­
erence in maximum heart rates reached with and without 
motivation® The data are contained in Appendices 1 
and 2e In an effort to match the-groups, data are 
restricted to those obtained on sportsmen of inter­
national or near international standard. The great
majority of physical education students are thus omi­
tted. The relevant data are shown in the following 
tables
*vr r®h x
With motivation 193*49
186 188 Q1 Q 88Without motivation
The standard error of the difference between these 
means is 1 .1664* 'which, when divided into the difference 
between the means of 4*58 beats per minute, gives 
?t f = 3*9266, which is significant at <  .0.001 
It can be stated with a reasonable degree of certainty 
that the two groups were not so different in their gene­
ral characteristics that they would show such a -signifi­
cant difference in their maximum heart rates. A. high 
degree of confidence may be held that motivation by 
the operator significantly elevates the maximum heart 
rates of subjects during exhausting exercise tests.
Astrand and Saltin (1961), Brouha (1962), Bevegard 
and Shepherd (196?) and Hermansen (1969) have testified 
to the non-specificity of maximum exercise heart rate 
with the type of exercise* This is not in accord 
with a definitive report by the'World Health Organisa­
tion (Allen et al, 1968), which states 5 Stepping and 
treadmill exercise are limited by central endurance 
factors (general exhaustion, breathlessness, ataxia, 
cyanosis and impending loss of consciousness)c•••* 
bicycle ergometer performance is limited by local 
factors (fatigue, weakness and pain in the active 
muscles)* *
If a distinction does exist between exercises which 
coulu be termed local muscular or central in their 
endurance effects, then seated cycling and rowing 
might fairly reflect this distinction0 Cycling is 
mainly a lower limb activity, where the gross body 
weight does not have to be moved, whereas rowing is 
a total body activity, using- a major part of the body 
musculature to move the major part of the body mass in 
a re cipnocating manner•
Certain difficulties .arise in equating the work done 
by a subject on rowing and cycling machines• Since 
the mechanical efficiency cannot be assumed to be the 
same for the two activities, external work done would 
be an invalid measure*, Calorimetry of some description 
would appear to be a valid measure, but for the purposes 
of this study the precise measurement of work output is
unnecessary, since it is the effect of maximum work' 
which is under consideration, irrespective of its 
absolute magnitude®
Method
Subjects: 8 male oarsmen of international standard,
aged x = 24*8, S. D. = 2®6 years.
Equipments Cycle ergometer (described on page 69)
Pen oscillograph (described on page 84) 
Electronic timer (described on page 84)
A 'Derby* pneumatic rowing ergometer, 
calibrated in pounds force, with, sliding 
seat and reciprocating action (Thomas, 
1969)
leg anthropometer (Thomas 1968)
Heart rate graticule (Pig.8, page 78)
Procedures Subjects visited the laboratory on two
successive days, between 13*00 and 18*00 
hrs. Each subject performed an exercise 
test to exhaustion on each day, one on 
the cycle and one on the rowing ergometer. 
The order of performance was rotated betw­
een the two ergometers to eliminate the 
effects of fatigue. ,
The test comprised 30 minuses of 
supine rest, during which subjects were 
prepared for electrocardiography by the 
method described previously ( pp 51 - 61 ) 
6 minutes resting seated on the ergometer,
Data
Collection?
6 minutes warm up at a work load corres­
ponding to 100 watts on the cycle ergometer, 
6 minutes at 150 watts, 6 minutes at 350 
watts, then a load increasing step wise 
at a rate of 30 watts per minute until 
exhaustion. There was no break between 
phases, the pedalling rate being 90 rpm 
and the rowing rate 30 rpm. Exhaustion 
was according to the definition used 
previously (p116 and 117).
This method of equating the calib­
ration between the two ergometers is not 
a valid one, since it was achieved by noting 
the work loads on the rowing ergometer 
which produced coinciding heart rates to 
known work loads on the cycle ergometer.
A skilled oarsman/cyclist was used for 
this operation.
Continuous electrocardiograph traces were 
made during the tests, and for 3 minutes 
post exercise, during' which the subject 
remained seated (supported if necessary) 
on the ergometer.
Calculations of heart rate were made by 
the method described previously ( page 86 )*
Data
Processing? The data are expreseed as lie art rates
established daring the last 5 seconds of 
each test phase, and tests made of the 
significance of the differences in the 
rates recorded by all subjects between 
the two machines, and between test and 
retest (Walsh 1949) «>
Results; The results are expressed in both tabular
and graphic forms (.Figures 20 and 21),
Figure 20, Mean Heart Rates -Recorded During Maximal
Exercise Tests on Rowing and Cycle Ergomet er
Mean Heart Rate Sig*Levels
Cycle Rowing Te si—
Retes
Between 
t Machine;
Supine re st 59,1 60.0 0.031
No Se
Seated rest 80.5 77,4 N.S. N. Se
Warm up 117.2 151.7' N.S., 0 O01 6
Steady state 1 137.8 171.5 It fee 0.016
Steady state 2 186.3 193® 3 N. S. 0 o 109
Exhaustion 199.3 199.7 No So li.Se
Post exercise 30 se c s, .183.2 183.4 N CI So , IT e S e
60 : 167,0 156,3 N. S. NeS,
90 t 1 58 „ 2 1 41.6 N.S. 0,031
120 n 140 . 9 129.5 e k.J s 0,047
190 1! 134,6 123.0 N. So 0,0 50
—.s. CO o I f 127,9 116,2 No So 0.031
Figure 21 Mean heart rates established on maximal 
exercise tests on rowing and'cycling 
ergometerss
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Fig. 1
There was no significant difference in maximum 
exercise heart rates between the two different forms 
of work, and no significant difference in maximum 
exercise heart rate between test and 3?etcst over an 
interval of 24 hours* Some significant differences 
were observed, however, during rest, exercise and 
recovery - mainly attributable to the lack of parity • 
between the work loads on the two machines, and the 
difference in recovery postures* These have been 
discussed elsewhere (Hamley and Thomas, 1969)* 'How­
ever, the pre-exercise supine resting robes did not 
differ significantly, indicating an adequate degree 
of subject■recovery between tests®
Within the limits of this test, the maximum heart 
rates recorded by subjects undergoing exhaustive exercise 
on both rowing and cycle ergometers appear to be virtua­
lly identical between machines®
Conclusions for Chanter 3
The maximum exercise heart ra.te of an individual 
is not a fixed entity® It is specific to the cond­
itions which obtain during any given test® While 
it may not necessarily be affected by the type of 
gross muscle work being performed, or by the work 
being of constant or incremental loading, it can be 
affected by the degree of external motivation given 
to the subject, and by the performance of the work 
being continuous or intermittent®
There is sufficient evidence to indicate that tests 
of a comparative nature ought to be performed in as 
carefully 'standardised a method as possible® Other­
wise, the comparisons might become invalidated by 
significant variances induced by the non-constant ele­
ments of the experiment®
It appears as if the highest exercise heart rates 
may be obtainedj
1® with gross muscle work of a locomotor nature 
2® with extreme external motivation 
3® with continuous exercise 
4. with an incremental work load
5® by manipulating the near exhaustion work load to 
allow the- subject to continue working as long as 
his heart rate continues to rise®
Chapter 4
Objactivity of the
Cardiac Assessment Factor
Objectivity is here defined as the effectiveness of 
a measuring device inasmuch ass
1 * It gives the same readings when used by different 
operators (Inter-operator reliability)
2a It gives the same readings when used on the same 
conditions at different times by the same operator 
(Intra-operator reliability)
3* It gives the same readings when used on the same 
conditions at different times (Test-retest rel­
iability)
4* It measures that which it is supposed to be measuring
These four factors are linked to a certain extent 
with one another,' and are measured generally In terms
dispersal of data, and tests of critical ratio (inc
(Validity)
Harrison Clarke, 1967
of a correlation coefficient to show similarity of
luding *t * tests) to show similarity of means
In considering the Cardiac Assessment Factor
studies will be made of
1c Operator objectivity
2c OAF validity a* over time
be against other indices
Operator Objectivity,
Since the OAF is a new test«' there - are no reports 
concerning it in the scientific literature. Indeed, 
very few authors take the trouble to include their 
own objectivity coefficients within reports of their 
experiments. However, some authors have commented 
upon their own techniques of measuring similar para­
meters to CAP.
McCurdy and Larsen (19313) studied the reliability 
of post exercise sy'stolic, diastolic and pulse pre­
ssure readings- Under 1 controlled experimental 
conditions* they obtained reliability coefficients 
between 0.72 and 0.91 for these measures, and con­
cluded that high degrees of reliability were !diffi­
cult to achieve*. McFarland and Huddleston (1936) 
stated that with extreme caution of -administration 
they obtained a test-retest correlation of 0.86 with 
the Schneider test (1920). However, Slater-Hammel 
and Butler (194-0) * found errors in taking the normal 
pulse count by.palpation of from - 12 to + 4 beats 
in rest, and - 33 to + 36 beats for a two minute
period following exercise. They give no indication 
of having rigorously trained their operators. The 
Schneider test (1920) was also subjected to an exam­
ination by Careton'(1945), who, by the use of 5extr­
eme care'obtained a test-retest reliability coeffic­
ient of 0.89*. Adolph (I960) obtained coefficients 
of variation in repeated readings of resting h e a r t  
rate of I 7.8^ before arising and 8.7$ for standing
■*"» a rit*JL w O L1 ^
In none of these instances is it suggested what 
level of correlation constitutes an acceptable crit­
erion of reliablity, and it would seem that some form 
of international standards should be laid down in this 
respect. The only step open to the research worker 
at present seems to be that of incorporating the deg­
ree of correlation into the tests of significance he 
uses eg* tests of the significance of differences 
between correlated means, and analysis of covariance *
The CAP is a composite measure, which might be 
administered in any of several ways, since the two 
measures from which it is derived may be obtained in 
any of several ways (Chapters 1 and 2). In testing 
its reliability, it was necessary merely to define 
precisely how the test should be administered, and to 
train the operators carefully* The methods selected were 
those which might usually be chosen for relatively un­
sophisticated situations, that is, the club or school 
situatione
Method > 
Sub j e et s t
Operators?
Equipment:
Procedure ?
jJcix a
Processings
18 male physical education students, aged 
x = 18.7, S«Be = 0.9 years.
2 male physical education students, aged 
20.-9 and 21.7 years, having been trained 
by the method described previously (pp 69 
72)
2 heart rate stopwatches (Plate 1, page 52) 
■with no visually discemable discrepancy 
between them over 5 minutes of continuous 
running.
The basal heart rate of each subject was 
measured between 05®30 and 07»30' on each 
of two mornings during a seven day period, 
simultaneously by both operators.
The maximum, exercise heart rate for each sub- 
jeet was measured using- the technique desc­
ribed previously ( pp 63 - 66 ) , after int­
ermittent shuttle runs over a 40 ft. track, 
simultaneously by both operators, on each 
of two occasions during a 7 day period®
Each sub ;j e ct ran 320 f t ., re sted 10 se cond s, 
ran 320 'ft., and so on until reaching exh­
austion as defined earlier (page 85)•
The heart rates were tabulated by both ope­
rators without communication between them.* 
These rates were converted into CAP9 s using 
the formula on page 45• These data, are
shown in Figure 22
Figure 22. Cardiac Assessment Factors Recorded on Two
Occasions Each, by Two Operators, on the
Subject
Same Subjects 
°1
*1 T2
°2
T.. T2
1 40 42 40 41
2 41 43 40 42
3 39 40 39 41
4 37 37 36 36
5 38 39 38 40
6 39 40 39 40
7 33 35 33 35
8 33 34 33 35
9 32 32 3° 32
10 38 40 38 40
11 34 34 35 34
12 34 -34 33 34
13 34 34 34 34
14 40 43 40 42
15 38 38 39 38
16 40 42 40 40
17 41 41 40 41
18 40 40 39 40
The data were subjected to factorial analysis of
variance,- and tests of correlation
Re suits t The factor! al anal.ysis.of variance for the
18 subjects under four conditions is shown
below:
Source 2X dP Mean Squares
Sub jsets 714.12 17 42 e00
Operators 0,89 1 0,89
Tests 18,00 1 18*00
S v 0 5e61 17 0,33
S v T 13.50 17 0,79
0 v T 0,08 1 0 e06
Residual 2556,33 18 14-2,01
Total 3396.62 72
There can be no question of any variance estimate 
being significant since the residual variance is the 
largest present.
The rank order correlation coefficients are shorn below?
Correlation Between 
Operators 
T e st~ Ret e s't
0,98
0,94-
u j. a  ©
0,001
0 ,001
Discussion? Within this experiment lie several eval­
uations of objectivity. Firstly,, the analysis of var­
iance, shows there to be non-significant variances between 
the CAP* s. of the subjects, between CAPe s recorded by the 
operators, and between the test-retest* In addition to 
being non-signifleant9 it can still be seen that the
variance between the operators was so small as to be 
termed negligible, and even the inter-test variance 
was much smaller than the inter-subject variance *
The specific interaction variances are of less value 
with the exception of the operator test interaction 
(again- by far the smallest), indicating a negligible 
difference between operators in.their specific reaction 
to the test-retest situatione
The obtained correlation coefficients are acceptably high, 
particularly between operators. The test-retest corr­
elation (which includes operator reliability) is some­
what lower, but still very high considering the obser­
vations of Adolph (op cit 1960), One reason for this 
could be that the data were taken to the nearest whole 
number, which might obscure some minor changes in some 
subjects, the effect being magnified by the small number 
of subjectSo However, there is sufficient evidence from
this experiment to warrant confidence being placed in the 
CAP as an index, in the hands of carefully trained oper­
ators.
The Validity of the Cardiac Assessment Factor®
The closing pages of Chapter 2 outline the underlying 
principles to the concept of CAP* This concept is*
briefly* that an increase in CAP is a measure of an 
increased ability to tolerate the demands of extremely 
strenuous exercise ~ both physiological and psychological* 
Testing the validity of such concepts has alwaj^s posed 
very great problems* Eminent^reviewers over the last 
two decades have witnessed this problem*
Henry and Berg (1950)* in reviewing physiological and 
performance changes in athletic conditioning* stated fAt 
the present time there is no tangible measure of physical 
fitness - it is a. concept* It is possible* however* to 
produce a change in fitnessf in fact* this is an impor­
tant part of the 'procedure known as athletic training*
In this circumstance* even though the true amount of change 
is unknown* it should be possible to discover the relative 
validity of physiological and performance measures in demo­
nstrating this change ? * They thus link the notion of 
validity with observed changes: if* through training*
that which is being trained and measured changes* then 
this could be a criterion of validity,
Meyers and Blesh (1962) in their text on physical edu­
cation measurement point to heart rate as being the most 
valid measure for general use* and state *0f the physio­
logical variables that reflect the internal, bodily effi­
ciency in response to exercise* the pulse rate appears 
the easiest to measure, and the most reliable 5e However*
their confidence in the validity and reliability of 
operators measuring heart rate was not mirrored in an 
analysis of subject reaction to endurance tests by 
Clarke (196?) who wrote EAmong the reasons-for the low re­
liability and validity of these tests are••*..lack of 
skill.....psychological limits.....fear 'of all out effort 
Furthermore, adequate criteria have not been available 
for validation of endurance tests. Such criteria are 
extremely difficult to apply, as they infer an all out 
effort terminating in complete exhaustion. Few subjects 
are willing to punish themselves to this 'extent*. Such 
comment might be expected from a leader in the field of 
mass fitness testing* but demonstrates a lack of aware­
ness of the necessity for techniques of individual meas­
urement in cases where subjects are ’willing to push 
themselves to complete^exhaustion*(sic)• In a recent 
summary of endurance effects* written for such subjects* 
Brooke (1970)concluded ’the rate of change of heart rate 
with work* and the maximum heart rate* have not been 
clearly related to differentiating the work capacities 
of trained athletic groups’. The CAP constitutes an 
attempt to repair that omission,
Raab’s (1966 op cit) definitive description of lower 
resting heart rates being a direct result of training 
has been reinforced by many workers (Bramwell and Ellis,
19291 Steinhaus, 1933; Knehr et al* 194-2; Beekner and 
Winsor, 1954; Karvonen, 1959 and 1959* Holmgren et al* 
I960* Ptaab, 1963; Tabakin, 1965; Montoye and Epstein*' 
1965; Cooper* 1968),, The latter author linked lower
resting heart rates with maximal rates* about which 
there has been less unanimity. Some authorities noting 
an increase of maximum heart rate after training have 
been Brouha* 1959; Bannister* 1966s Shephard* 1966; Ikai, 
1966; Rosenblat et al, 1966s- Bevegard and Shephard* 1967* 
Harper et al* 1969* Others* who have described the max­
imum heart rate as being unchanged by training are Haskell* 
1966; Ekblom and Hermansen, 1968; Sinning and Adrian* 1968; 
Ekblom et al* J968; Douglas and Becklake, 1968, Opinions 
that maximum heart rate was lowered by training have been 
expressed by Anderson (1968) and Ogawa (1969).
That these contrary opinions should still be voiced 
within the last five years, concurrently, emphasises the 
tenuous nature of definitions of maximum heart rate* dis­
cussed elsewhere ( pp 110 - 111 ), and therefore the vali­
dity of the measure. Efforts have been made by some  
workers, and described in Chapter 2, to validate their 
fitness indices with other measures of.fitness. Perhaps 
the most relevant of these was the studj* by Co still (1967) 
of the relationship between selected physiological vari­
ables and distance running performance in 17 young athl­
etes, Though not strictly defined, resting and basal 
heart rates recorded on ten different occasions, appea­
red to be positively related to distance running perfor­
mance, though the difference in mean basal rate between 
groups'of different running standard was not statistically
significant. A 51 s ratio of 2«923 wasobtained fo
resting heart rate between the groups ( P<0*02) * Cor­
relation coefficients between the various heart rate
measures and distance running performance were obtained?
< 0.01 
< 0.01 
N.S.
According to these results, resting* heart rate appeared 
to be a slightly better index of distance running perfor­
mance, though with such a small group, and perhaps an 
invalid definition of basal heart rate? it might be better 
to suspend judgement on this point.
Considering this review of the literature, it appears 
that sufficient validation of CAP may be obtained by:
1„ examining changes occurring over an extended training 
period
2. investigating the relationships between CAP and other 
measures of fitness,.
In the first instance, studies were made of three groups 
of sportsmen, of different types and ages, undergoing 
different training routines. They are described as 
1, 2? and 3.
Basal Heart Rate v Performance r = -0.607 
Resting H H " r ~ -0.647
Maximum n " !1 r ~ -0.254
Method 1. 
Sub j e ct s :
Equipments
Procedure:
65 male physical education student teacher; 
in their first year of training, aged x =
19•9s S.D. = 1.1 years.
Heart Rate stopwatch (Plate 1, page 52)
2 45^ inclined turning boards (Plate 0)
1 instructions sheet
Subjects were divided into pairs. Each 
subject was responsible for measuring his 
partner1s basal heart rate according to the 
method described previously (pp 69 - 72, and 
107).
Paring the course of one week all subjects att* 
ended the laboratory at times between 13=00 
and 18.00 for measurement of their maximum 
exercise heart rate by the method described 
previously ( pp 63 - 66 and 145)=
These tests were performed both during the 
first and last weeks of the academic year, 
giving a time interval between the tests of 
43 weeks*
The data, are contained in Appendix 3= The 
raw data were converted into CAE's for each 
subject by the formula shown on page 45.
The mean and standard deviation for all sub­
jects were calculated for the first and the 
second tests, for minimum and maximum heart 
rates * and for the derived CAE;
Plate 7. Subject turning during
maximal shuttle runs, with 
supporting foot against 
45° turning board.
Te s'
HRtiin HRmax OAF
1 1 1
x 58.84 52.45 190.63 186,85 32,30 35,62
S.Ih 8,47 5.54 7.64 6.92 8.67 6.58
Results? The variances of the first and second tests
did not differ significantly for maximum heart rate
x ) and CAP, hut were significantly different for
minimum heart rate (HR . )• The difference between' m m
the test means was significant for all three factors 
at the 0.0005, 0.01 and 0,02 levels of confidence, 
being #t* ~ 5®07, 2.95, and 2,45 times the standard 
error of the difference respectively.
Method 2
Sub e ct s i
Equipment
Procedure
20 male oarsmen of international! or near 
international standard, aged x = 24.5,
SoM = 2,3 years.
As in Method 1
Each subject arranged for his basal heart ra 
to be measured by some o bher person accordin 
to the me••tiiod. described previously (pp 6 9 -  
72, and 107).
Between 1400 and 1700 on one afternoon all• 
subjects attended the laboratory for measure­
ment of their maximum exercise heart rate
according to the method described previously 
(pp 63 — 66? and 145)«
These tests were performed immediately before 
and after a twelve week period of intensive 
training which included large elements of 
tempolauf stress tolerance training, as 
described by Thomas (1970).
Data
Processings The data are contained in Appendix 3* the
data were converted into CAPfs for each subject 
by the formula shewn on page 45® The mean 
and standard deviation for all subjects was 
calculated for the first and the second test, 
for minimum and maximum heart rates* and for 
the derived CAFfss
mill max CAP
Test o 1 2 I 2
S*D
x 47.65. 45,25 186.55 193,75 39,15 42,82
5.80 4,71 8,30 '7.18 7.83 7,20
Results: The variances of the first and second tests
did not differ significantly. The difference
between the test means were significant at the
0,02.- 0.001 and 0*001 1 evels of ccnfidence
being ft* = .2,73, 3,28 and 5,39 times the
standard error of the difference respective!
Method 3
Subjects: 10 young athletes (6 male, 4 female), aged
x = 14.9* S.D. = 1.8 years.
Equipment: As in Method 1
Procedure: Each subject had his basal heart rate 'measured
as in Method 1 and his maximum heart rate 
measured as in Method 2e
The tests were performed in November 1969. 
and again in December 1970, after 13 months 
of athletic training and competition under 
the guidance of a nationally qualified ath­
letics coach.
Da ta
Processing: The data are contained in Appendix 3. The
raw; data ware converted into CAF's for each 
subject by the formula shown on page 45®
The mean and standard deviation for all
subjects was calculated for the first and second test, 
for minimum and maximum heart rates, and for the deri­
ved CAP5 s
HB
Test 1 2 1 2
x 55,2 50.5 19511 183.1 35,53 36.90
5.1 7.3 8.6 9,0 3.1 A, 7
of the first arid second tests
"0 o  o  Tp o
heart rate, the drop of 8 beats per minute having a 
probability of <J0*05«
Discussion The composite data for the three studies are:
Group Athie t e s P 0 E.Stud ents 0 ar smen
N   10 65 20
Age, 1 14.9' 19.9 24.5
Age, S.D. 1.8 1.1 2,3
Length of Training   13 mths 10 mths 3 mths,
HRmjn» Test 55*2 58e8 47s7
Retest
50 e5 52.5 45,3
S -f— 6 "Tr ')? 7T ■s*' 1*7
1.91 N.S. 5.07
•X-
7^© I %J
7*"
H^max5 Test 195e1 '190.6 18676
* " ReTes'iT” ^ — - 3 ~~~~ 1
*t* 2.81 * 2*95*W * 3.28™'**
CAP Test 35,53 32.3 39,2
Retest 36.9 35.6 42.8
?t E 0.89 N.S. 2.45" 5.39*'***
rr 0 . 0 20 6 0 5, = ■0.001, 0.0005
Considering first the minimum heart rate, each group 
recorded a lowering of between 2.4 - 6.3 beats per minute.
The fall of 4.7 beats per minute in the young athletes 
group, though greater than the'mean fall in the adult oars- 
men, failed to achieve signifieance because of the small 
size of the group« However, the rate per month at which 
the minimum heart rates fell was slower in the young 
athletes than in their older counterparts,. This may have 
been due to maturation factors, or due to the particular . 
nature of the training they had undertaken.
The changes in maximum heart rate were not : uniform.
Whereas the younger groups recorded significant decrements 
in maximum heart rates, the adult oarsmen increased to a 
highly significant extent. This discrepancy is prob­
ably occasioned by the difference in training experienced 
by the groups. Whereas the two younger groups experienced 
what might be termed general athletic training, the oars­
men, who were training for Olympic competition under the 
guidance of the author (Thomas and Brodie, 1969), had 
included a large amount of stress tolerance training in 
their schedules (Thomas, 1970). This training was spec­
ifically designed to increase the maximum exercise tolerance 
of the subjects, and based upon their heart rate reaction 
during training sessions (Thomas, 1969). The drop in 
maximum heart rates shown by the other two groups could 
have been due to maturation, a reduction in motivation 
on retest, or a normal result of the type of training 
they undertook.
The mean CAP of the young athletes did not change sig­
nificantly during the 13 months, though it was noticed 
by their coach that a few who had shown great progress 
in competition had also recorded large increases in CAP.
This was particularly so in the case of R0G-* whose CAP 
raised from 36.2 - 42.2, and who won the national school­
boys1 title in that year. The two older groups recor­
ded . significant increases in CAP over the training periods, 
the 3.6 rise of the oarsmen being achieved in 3 months by 
comparison with the 3*3 rise of the P * P. students over 
10 months. The difference between the groups was that 
the students achieved their improvement by a large drop
in minimum heart rate, whereas the oarsmen achieved thei 
by proportionately similar changes in both maximum and 
mihrnum heart rates. Further studies are indicated, in 
order more precisely to determine the relative effects 
of maturation and training on these parameters*
Conelusion The Cardiac Assessment Factor is capable 
of detecting significant changes in that element of 
endurance it purports to measure, over extended periods 
of training. t
In the second instance (page 1 52), a study was 
undertaken of the relationship between the CAP, Its 
constituent elements, similar heart measures, and 
many other measures of fitness. Since over 10,000 
measurements were to be performed during the course 
of this particular part of the study, a team approach 
had to be devised and administrative techniques brought 
to a very high standard* The underlying principles of 
the scheme are more fully dis.cussed elsewhere (Thomas, 
1970 ~ Appendix 4)* It incorporated a diagnostic 
fitness testing service provided for various national 
teams who were in preparation for international comp­
etitions such as Olympic or World Championships0 The
results from the testing formed the basis of training 
advice, anfin some cases was used.in selection proc­
edures., ' Some of the subjects of this author who had 
received such testing and training advice competed at. 
the 1970 Commonwealth Games, winning 46 medals - over 
half the total won by. this country.
The•fitness tests used were those which were feas­
ible, bearing in mind the facilities and time available 
in this completely honorary organisation. They embr­
aced -areas of fitness which were categorised as circ­
ulatory, ventilatory, anthropometric, strength and 
power* and psychological. A typical data result 
sheet is shown in Appendix 5? and a data collection 
book in Appendix 6. The whole of this organisation 
is called 5 The St. Mary* s College Sportsmen1 s Clinic
Method
Sub 3 e et s:
Operators:
112 international or near international 
standard sportsmen and women ( 92 male, 
and 20 female ) attending the laboratory 
for diagnostic fitness testing during the 
years 1969 and 1970e The subjects were 
all members of national squads in training 
for international competition, comprising -
British Olympic Wrestling Squad 
British Canoeing Squads- (Slalom & Sprint) 
British Cycling Feduration Training Squad 
Olympic Fencing Team (Epee and Foil)
Davis Cup Tennis Team
English- Badminton Teams (ladies and Men) 
British Milers Club
Miscellaneous Individual Internationals
A total of 24 physical education student 
teachers were used as operators during the 
two years of testing. Students were sele­
cted for the work on the basis of their grades 
in the Biomechanics aspect of their course 
(needing at least a B+ grade), and their hav­
ing achieved Advanced student status within 
the college® All operators were given a 
preliminary course of instruction which dep­
ended in length upon the degree of difficulty 
inherent in the experimental technique being
acquired« Operators were then given a 
reliability test requiring them to take•ten
Equipmenti
Procedure:
separate readings of the te;st-parameter.
To pass the testy an operator was required to 
achieve no more than — yfo error when compared 
with a known standard for the testy or when 
compared with the performance of a skilled 
and experienced operator. Having passed 
the testy operators would then join the res­
earch team as assistants in the first case* 
being given greater responsibility as their 
experience increased*
Heart rate stopwatch (Plate 1, page 52)
Accuson sphygmomanometer and stethoscope
M.R.C. Wedge Haemoglobinometer
John Bull anthropometric calipers
Benson anthropometric vernier gauge
Stanley flexible steel tape measure
Avery weighing machine and stadiometer
Vitalograph 7 litre wedge spirometer
Takei cable tensiometer, calibrated 0 - 100 kg
Cable tensiometer table (Figure 11, Appendix 4)
Takei grip dynamometer, calibrated 0 - 100 kg
Sargent vertical jump board (Clarke 1967)
Jaeger treadmill9 with incline, 0 - 40 kph 
Srnit h s  1 ab o rat o ry t irner 
2 inclined turning boards
Cattell'16 P-.F. psychological questionnaire 
Individual data record booklet (Appendix 6)
The basal heart rate of each subject was meas­
ured by the method described previously (pp 
69 - 72, 107 and 155),
On the day of the test subjects attended 
the laboratory in. their sports groups of 15 
~ 25 members* They changed into sports 
clothing, and entered the following series 
of tests?
1« Seated resting heart rate, using the method 
described .previously (63 - b6, Plate 9)
2.Systolic and diastolic blood pressure, and 
derived pulse pressure "(Accoson, 1968; Plate 8) 
13)
3.Haemoglobincmetry (MRC, 1944; Plates 9 2 - 19)
4* Vital capacity, forced expiratory flow (200 ~
1200) and forced expiratory volume (1 sec),
•3
(Vitalograph, 1964; Plate 13)
5* Bod5^ weight and height (Robson, 1970)
6e Parnell phenotyping (Parnell, 1958; Plate V f )  
7* Cable tensiometry (7 different measures ~ 
Clarke, 196?)
8.'Grip dynamometry (Clarke, 1967; Ayling, 1969) 
9 e Power - vertical jump (Sargent, 1921) 
horizontal jump (Clarke, 1967)
10* Predicted oxygen uptake (Astrand, 1954;
r*
Plate 18)
11e Cardi a c Asses sment Pa c10 r
.12. Personality profile 16 factors (Cattoll 
and ukber ? 1962)
Bata
Collection: All results were entered by the operator in
charge of each test, into the. subject's rec­
ord booklet. All derived measures were
Plate 8. Systolic and diastolic blood 
pressure measuring with a 
sphygmomanometer•
Plate 9* Lancing of subject's finger tip, 
pressure being applied towards 
the tip by the supporting hand*
Plate 10, Capillary blood sample being
collected in a phial.
Plate 11, Pilling capillary tube from
a phial,
Plate 12, Expelling excess blood from 
capillary tube.
Plate 13* Ventilometry, using Yitalograph
7.5 litre wedge spirometer,
t,jjjUfi 3< a
 ^~ * < +23+-* i  •*■■■' ' r- ! « «, 1 »' J
Plate 14# Measures of a) triceps skinfold, 
b) weight, and c) upper arm girth - used in 
determining phenotype.
Plate 15# Astrand test (treadmill) for 
predicting oxygen uptake 
(10 kph at 1/6 grade)
calculated from these-data, and the total 
results entered into a table for the whole 
group (Appendix 5)• . The total data for 
all subjects are contained in Appendix 2e
Processings The data were puch carded and a computer
programme prepared to perform the necessary 
analyses. A correlation matrix wets formed 
between all possible pairs of variables 
(Appendix 0)1 A matrix of significant 
correlations was formed (Figure 23). 
Multiple correlation was performed between 
the CAF (and its constituent measures) and 
all other fitness variables® Means and 
standard deviations were established for 
all subjects on each variable (Appendix 2)*
Positive Correlations, Ne gat ive Co rre1at ion s
0 = Go0 5 ( r  = 0.1946 )
© =-0.01 ( r = 0.2540 )
0 = 0.001 ( r = 0 .32'H )
5 = 0.05 ( r = -0.1946 )
" = 0*01 ( r = -0.2540 )
= 0.001 ( r = -o.3211 )
The key for parameter identification follows on page
\
174.
Figure 23. M atrix of Significant Clinic Correlations
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Key for Parameter Identification, Figure 23
Haem = haemoglobin level; syst = systolic blood pressure; 
diast ~ diastolic blood pressure; pp = pulse pressure; 
hrlab = seated heart rate; astr = treadmill run heart rate; 
vo2 = predicted oxygen uptake; hrmin = basal heart rate; 
hrmax = maximum exercise heart rate; vc ~ vital capacity; 
fevi = forced expiratory volume in 1 sec s; mef = forced 
expiratory flow, 200■- 1200; ht = height; wt = weight; arm 
- upper arm girth; calf - lower leg girth; trie = triceps 
fat fold; scap = sub-scapular fat fold; supra = suprailiae 
fat fold; hum - humerus bi-condylar width; femur « femoral 
bi-condylar width; endo = endomorphy; meso = mesomorphy; 
ecto ~ ectomorphy; knee = Imee extension force; hip = hip 
extension force; trunk = trunk extension force; sh ' = 
shoulder adduction force; ak = ankle plantar flexion force; 
elbow = elbow flexion force; elbex = elbow extension force; 
gripr = right grip force; gripl = left grip force.; vertj = 
vertical jump; sbj = standing broad jump; pf? = personality 
factors by alphabetical subscript.
Pisoussion of Kesuits Of the 1431 possible pairs of 
Sportsmen1s Clinic variables,shown in Figure 23 are 495 
pairs which achieve significance at the 0 60 5 level,
369 at'<0*01, and 279 at the <  0*001 level of signif­
icance*
The proportioiiBof intra-correlations achieving signific­
ance between constituent elements of the respective sec­
tions are shown below:
Section
Ventilation
Anthrop omet ry 
Strength and Power 
Heart Kate 
Personality
Noc of Elements No*' of pairs No* Sign Jo
12
11
4
16
3
66
55
6
1 20
3
52
53
/*o
30
100
78
96
100
The proportion of inter-correlations achieving signif- 
cance between elements of specific sections and all the 
elements of other sections is shown below:
Section . No® of Elements No*of Pairs __No * Si ay_ J L
Ventilation 3 151 81 51
heart Rate 4 188 43 23
B10 0 d Pressure 2 102 22 22
Anthropometry 1 2 492 195 40
Strength and Pow  ^y* 11 462 155 34
Personality 16 592 41 7
It is not the present purpose of this author to make 
an investigation into the wider concept of fitness which 
is inherent in all these data®. The concern is with the 
relationship between heart rate in general, and CAP in 
particular, with these other variables* However, it 
is of benefit to discover that the personality factor 
measures, whilst intercorrelating moderately amongst 
themselves, correlate rarely with the other section ele­
ments* If, in fact, the personality factors were to be 
removed from the matrix, the percentage of inter-correla­
tions between the remaining elements would be greatly 
increased (423 out of 703 , or 6 0 cfo),
Inasmuchas the elements of any section could be consi­
dered as measuring a fundemental quality of fitness, then 
the most valid sections are 1 heart rate®, '■ventilation* 
and 1 strength® e This is shown by the high degree of 
intra-correlations within each section (Figure a.* page 175)* 
Particularly for the organic measures (lungs and heart), 
all the correlations are highly significant* The actual 
matrix of correlation coefficients between the various 
measures of heart rate (extracted from Appendix 9) is as 
follows:
Heart -Rate ■As t rand
Laboratory Rest 0.4006.
Astrand Test
Minimum
Minimum Maximum
0.5566' 0*4943
0*3963 0*4524
0-3748
The highest correlation, of 0*5566 between minimum heart 
rate and laboratory resting heart rate might have been exp­
ected, since both might be considered to be resting values* 
However, a correlation coefficient merely measures the 
degree to which one variable parallels the change in ano­
ther* Appendix % shows that the means and standard dev­
iations for the two variables were:
Laboratory resting heart rate 
Minimum heart rate
x S.D.
6 6*. 07 12.04
54,12 8 .12
Applying a test for the difference between correlated 
means, !t® = 12.4479 is obtained for the difference of 
11*95 between the two heart rates* This is a very highly 
significant difference (p = <  0.0001).' These two results 
might seem in conflict, but if the variation in resting 
heart rate between subjects is seen, to be an index of 
some physiological capacity, then the relative differences 
in resting heart rates between subjects who are physiol­
ogically different ought to remain so (within limits) 
whatever the conditions of the rest,. In fact, the 
failure of the correlation coefficient to reach unity 
could be considered to be an expression of unreliability 
in measuring resting heart rates under different conditions 
However, this 1failure1 is probably more due to an inter­
action effect specific to each subject and his reaction'
than to a change of conditions under which heart rate is 
measured* The significance of the correlation coeffic­
ient is at least an indication that some physiological 
parameter (called resting heart rate) is being measured 
in each case*
The significant difference between the means for labor­
atory resting and minimum heart rates is in essence a mea­
sure of the difference between the conditions under which 
resting heart rate is measuredc In this case, if the 
measurement being made is intended to reflect basal func­
tion, then the lower measure, that is the minimum heart 
rate, is significantly more valid*
Moreover, the reliability of a measure is to a certain r 
extent dependent upon the variability within successive 
measures* This has been discussed and tested earlier 
(Chapter 4), but in this experiment the standard deviations 
of the two measures can be compared* The variance ratio 
between the two gives an * F* of 2.1985, which is signif­
icant at <  0*01 level of confidence* The group demon­
strates significantly greater heart rate variability in the 
laboratory than in bed*
It is of interest to compare these data with those rep­
orted by Falls et al (1965) in their classical factor - ana­
lysis of -physical fitness tests* For 89 college subjects 
they obtained a lying heart rake under Schneider test 
conditions (Schneider 1920) of x = 68• 180, S.D. = 9*520.
The difference, in mean heart rate between these subjects 
and -the sportsmen reported in this thesis was probably a 
reflection of the difference in fitness levels, especially 
since the Schneider heart rate is established when lying
quietly, whereas the laboratory heart rate was measured sit- 
ting .quietly*
Referring again to page 1'77 it can he seen that maximum 
heart rate correlated positively and significantly with 
both resting rates® This can. be’interpreted as a. tend­
ency amongst international standard competitors to exh­
ibit differences in thqdbsolute level of the range of their 
heart.rates. Those with lower minima tended to have lower 
maxima, and vice versa® This phenomenon, of itself, does 
not necessarily alter the power of the OAF as a measure, 
since OAF examines the extent of the range between minimum 
and maximum heart rate, rather than the absolute level of 
these® There is a problem inherent in the slight alter­
ation which occurs in the proportionate relationship bet­
ween maximum and minimum as the absolute level changes, 
but this will be discussed at a later time®
When the correlations between tbeAlements in one section 
against those in another are examined ( page 175 ), it can 
be seen that ventilation measures achieve the greatest 
number of correlations, and might therefore be considered 
the best or most valid of single measures of fitness, as 
measured by this fitness battery® Heart rate and blood 
pressure measures correlate less frequently with the other 
elements than do any of the other sections 'with the exce­
ption of'personality* They appear to be less generally 
connected with the particular fitness elements being 
measured in this test battery* Particularly maximum 
heart rate and minimum, heart rate and OAF, exhibit fairly 
low correlations even when signifleant* These are shown 
below:
Ye.riable Minimum Maximum CAP
Syst BAP* - 0*2544
Pulse Pressure. - 0*2422 -
Vital Capacity -0*2134 ~ -
FEV 1 -0.2040“ - 0*2028
Height -0*2888 -0*2536 0*2343
Triceps fat 0*3163 - -0*2612
Suprailiac fat 0*2305 - -“0*2433
Bi-cond.width Hum. -0o3080 -0*2234 0*2541
" " Pem. -0*2858 -0*3022 0*2032
Endomorphy. 0*2321 - —
Ectomorphy - -0*3081 -
Vertical Jump - 0*270 6 -
Standing Broad Jump - 0*2223 -
PfH (Threctia) 0*2614 - -0*2278
It is noticeable that* if OAF is to be considered a.s 
a predictor of any other variable, on no occasion does 
it improve the power of one or other or both of its fac­
tors to predict that other variable - except in the case 
of supra-iliac fat. Its relationship with all other vapid 
ables, therefore, is merely a reflection of the relation 
ship of its factors with those variables® It adds noth­
ing which is peculiar to itself* If the concepts exp­
ressed on page 179 concerning range and absolute level of 
the factors are extended into this situation, however, a 
somewhat different picture emerges* The correlations 
between .minimum and/or maximum heart rates and any other
variable are a function of the absolute levels of both*
The correlation between CAP and any other variable is a 
function of the range (between•maximum and minimum heart 
rates) ~ which is not necessarily dependent on absolute 
level - and the absolute level of the other variable*
It is then conceivable that CAP could correlate with some 
other variable without either of its factors also corr­
elating (which did not occur) - that both factors could corr­
elate with some other variable without CAP also correlating 
(which did not occur) - that either factor could correlate 
with some other variable without CAP also correlating (which 
did occur) - or that one factor and CAP could correlate 
with some other variable without the other factor also 
correlating (which did occur)* The latter case would
be a reflection of the effect of the factor on CAP, The
previous one might be an indication that the factor's 
contribution to CAP was not strong enough to achieve a 
significant correlation for CAP, OR? in common with the 
first two instances, that CAP possessed some relationship 
to other fitness elements which was peculiar to itself®
This did not occur for CAP at a significant level®
An examination of Figure 23 will reveal, however, that. 
the derived function 'pulse pressure' did register sig­
nificant correlations with other - variables on several 
occasions when neither of its factors (diastolic and sys­
tolic pressure), or only one, achieved correlation.
That such a phenomenon occurs in a derived.function.is 
evidence that it can occur* That it did occur for pulse 
pressure is evidence of a specific and peculiar relation-
ship between the derived function and the other variable* 
that it did not occur at a significant level for CAP 
merely means that it did not have a specific and peculiar 
relationship with any of the particular variables in this 
experiment,' or that this experiment was incapable of 
detecting such a relationship* ~
Inspection of the main correlation matrix (Appendix Q ) 
reveals that of the 35 variables against which minimum and 
maximum heart rate and CAP all failed to reach significance, 
in 15 of these the correlation coefficient recorded by CAP 
was greater than either of the other two* This was part­
icularly marked in the strength section, where 7 out of 
the 11 variables correlated higher with CAP than with 
either of the two factors* It is beyond the power of 
this author to assess the statistical significance of 
these phenomena, but what evidence there is does not sug­
gest that CAP has no specific power* The relevant data 
extract is below?
Variable Minimum Maximum CAP
MSP - 0,1570 0.0085 0.1821
Supra '0.2305 0,0013 - 0.2433
Me so - 0.1161 - 0*0085 0,1300
Knee - 0.1187 0,0409 0.1511
Hip - 0*0807 0.0046 0,0935
Trunk - 0*0538 v 0*0401 0,1016
Sh - 0,0305 0,0236 0,0453
Elbow 0.1511 0,0258 0 d  528
Gripr - 0*1124 - 0,0427 0.1368
Gr i pi. - 0,1055 0.0193 0.1131
PPF 0.0407 - 0.0168 0.0584
PPG 0.1165 - 0,0192 0.1702
PPM - 0*0366 0,0 527 0.0627
PPM - 0,0907 0,0079 0.0960
PFQ4 - 0,0476 -■ 0,0127 0.0486
The relative correlations between minimum and maximum 
heart rates with CAP were - 0,9315 and - 0,0551 respect­
ively, . This indicates that.by far the major part is 
played by minimum heart rate in determining CAP* Page
180 shows also that, when significant, the sign of the 
correlations of the factors is always different from 
CAP, This is to be expected in all cases for minimum 
heart rate, but not always for maximum heart rate® The 
tests with adult oarsmen ( pp 155 and 156) showed that 
maximum heart rate can rise after training, in which 
case it would correlate positively with CAP, That 
significant CAP!s always correlate positively with des­
irable fitness elements makes it easier for users to 
appreciate. If fitness rises then so should the fitness 
measure.
There is one important omission from the discussion 
so far. Within the heart rate section is a predictor 
of. maximal oxygen uptake® This measure, based upon 
heart rate reaction to a given work load and derived in 
parallel with an individual5s weight, is stated by Asirand 
and Rhyming (1955) to have a standard error of less than 
7f° t The .measure is expressed in terms of litres of oxy­
gen, ITo measure is made of resting heart rate during the
test* Since both minimum and maximum heart rates corr­
elated with oxygen uptake in the Sportsmen* s Clinic ( by 
- 0,4267 and ~ 0,4457, both negat1ve ) , it might have 
been assumed'that the tendency of (say) both heart rates 
to rise as oxygen uptake lowers would mean a relatively 
unchanging range of heart rates against changing maximal.
oxygen uptake. There would not then have been a corr­
elation between CAP and oxygen uptake® The observed 
correlation between the two of 0*3121 suggests that at 
least in terms of predicted maximum aerobic power there 
may be a specific relationship with CAP, It is, at 
least, the nearest of all the Sportsmen®s Clinic elements 
to the CAP in terms of physiological demands, A further 
study should be performed to examine the relationship 
between CAP and actual maximal oxygen uptake*
At this stage it may be concluded that, for this sample, 
and within the limits of the measures made in the Sport­
smen® s Clinic, the Cardiac Assessment Factor possesses 
very little power of itself to correlate with other mea­
sures of fitness - with the possible exception of pre­
dicted maximal oxygen uptake*
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Croup Characteristics of the Cardiac Assessmeni Factor
It is usual practice to compile normal values (or 
norms) for tests which are generally applicable or int­
ended for mass measurement. Brouha (1943) measured 2200 
male Harvard students in deriving the norms for his step 
test, Kraus and Hirshland (1954) used 4458 schoolchil­
dren in establishing their norms for muscular strength* 
Sheldon (1954) developed his somatotype ratings from 
studies of 46,000 adult males® Clarke and Schopf (1962) 
examined 826 boys in calculating their original norms 
for cable tensiometry* Hodgkin and Skubic (1963) studied 
2360 college women in devising norms for a step test®
The Cardiac Assessment Factor is net primarily 'intended 
to be generally applicable, since it is designed for cert­
ain types of sportsmen, not for use in large scale surveys* 
At this stage it would be presumptious to suggest that 
norms, as such, would have any validity. However, it is 
necessary to determine if groups vary in terms of CAP and 
its factors, and therefore descriptive statistics need to 
be compiled* If these are used as norms, then it is with 
diffidence, and with caution® Certainly, the small number 
of sportsmen who have so far been measured for CAP makes 
definitive norms impossible*
Descriptive statistics have been compiled for various 
groups of champion sportsmen* Archer et al (1965),
Wynne Owen (1970), Pickering (1970) and others have studied 
small specialised groups. On a larger scale the Olympic 
Medical Archives nave catalogued many descriptive statis­
tics of competitors over the years, and Tanner (1964) has 
carried out a very close and large scale scrutiny of anth-
rox^ometric variables in champion sportsmen® /
Inferential deductions concerning the difference between 
groups of subjects, rather than changes within subjects 
exposed to various influences, have also been made for 
many years® Steirhaus (1933)$ McCurdy and larsen (1940), 
Bannister (1966), Andrew (1966), Costill (1967), Ekbloin 
and Hermansen (1968) and Andersen (1968) have differenti­
ated between groups in terms of heart rate and/or oxygen 
uptake* Haskell (1966) and Harper et al (1969) have, inv­
estigated the difference in heart rate reactions to exer­
cise in groups-exposed to different training systems* A 
great majority of studies have been concerned with the 
difference between groups in x^-rformance with age (Robin­
son, 1938; A strands 1956® Mitchell et al, 1958?. A strand, 
et al, 1959, Brouha, 1959? Astrand, 1960; Konig et al,
19 61; Konig et al, 1962; Ho liman, 1963; Ogava, 1969)®
Others have been concerned with differences in fitness 
between social and ethnic groups ■(Cullumbine, 1949? Rod- 
ahl, 1961)* These various studies have been mainly con­
cerned with measuring the existing state of groups, and 
evaluating the difference which exists between them 
rather than structuring an experiment to measure the 
effects of certain conditions on groups®
■v
A similar process has been adopted with the Cardiac 
Assessment Factor® During the course of all investigat­
ions performed on this project, some 341 subjects have 
had their CAPf s measured* These are now analysed*
Method
Sub j e ct s: A total of 341 subjects attending the labor­
atory for fitness testing in the years 1969/ 
1970 - as follows i
Age
Groups N X S. I).
Mi dd1e d i st a n  c e sp 0rtsmen 76 20.8 3 C 4
Long di stan c e sp0 rt smen 39 23.2 4*4
Male games players' 41
.CVI&0C\J 3*9
Male freshmen physical
education students 135 .19.8 1.1
Female H 1 ” 26 ■19.3 ' 1 G0
1st,Olass sport swomen 24 22.3 3*6
The allocation of subjects into middle or long 
distance, or games players, was based upon the • 
essential nature of■the training and competition 
undertaken by the subjects concerned (Thomas, 
IS'TO)® The middle distance group comprised 
mainly runners whose training and competition 
were based on events between 800'and 3000 m, 
with the audition of a few cyclists from the 
pursuit racing category, and wrestlers®
The long -distance group were cyclists, athletes 
and canoeists competing in races in excess of 
10 minutes duration. The games players were 
drawn from football, badminton, fencing, basket­
ball and tennis. Freshmen physical education 
student teachers were treated as a homogene-
Equipmentt
Procedure?
Data
Processing?
ous group since .relatively few of these sub­
jects are first class specialists specific­
ally in one sport. The small number of 1st 
class sportswomen made it necessary to comb­
ine them into one group* composed mainly of 
badminton players and athletes* but includ­
ing a few canoeists and fencers. With the 
exception of the students* ail subjects were 
of international or near international stand­
ard .. ■
Heart rate stopwatch (Plate.1* page 52)
2 45° inclined turning boards (Plate t Q)
1 Instructions sheet
The basal heart rate of each subject was 
measured by the relevant method described 
in pages 153 - 157*
The maximum exercise heart rate of each sub­
ject was measured by the relevant method 
described in pages 153 - 157*.
The basal and maximum heart rates for each 
subject were recorded* and the derived CAP. 
calculated using the formula shown on page 
45• The grouped data were then, subjected 
to fP 1 variance ratio tests* and tests of 
critical ratio between means.
The descriptive 
as follows?
HR . HR CARram max
-v- o T) v ^ T) -v P T)A O © SJ9 JS- t> .Lyo _/x. I*/e -t- «
Middle distance 76 58.34 6.95 '189.49 10.62 35.52 7.65
Long distance 39 54.44 8.51 188,49 8.59 34.62 9.18
Male games 41 54.44 6.78 188.27 7.30 34.58 7.62
Male PE students 135 57.56 8.88 189.02 9.01 32.80 8,98
Female " " 26 61.38'8.54 192.69 9.63 31.39 7.62
1st, Class women 24 57.21 9,04 189.50 11.13 33,12 8.31
Total 341 56.16 8.48 189.29 9.39 33.74 8.53
The and Critical Ratio values between all pairs of 
groups are shown in Figure 24 !
Figure 24* Matrix of #F* an<3 1 CeR* * values for heart rates
and CAF1s of various groups
C«R* Values
Group 1 2 3 4 5 6
Male PE 
Student s 
0 )
3 .8 0 #  2 . 0 0 *  
0.31u 0.32 
2.32 1,07
2.48* 
0.53 
1.24
*
2.07
1.78
0,82
0 *1 8  
0*20  
0 .1  6
HRmin
HRmax
CAF
Middle
~ «■ 
1.73 0.69 0.83 4.34| 1 *92 HHmin
Distance 1.48 0.54 0.73 1.42 0*00 HRmax
(2 ) 1.37 0,51 0.64 2.36 1,-35 . CAF.
Long 1.08 1.49 0.00 3.63# 1 *20 HRmin
Distance 1.10 1.52 0.12 1.80 0*38 HRmax
JF f (3) 1.04 1.43 0.12 1.50 0 *6 6 CAF
Val« Game s
“/t
1.71 1.05
*
1.57 3.50#
*
1.24 HRmin
Players 1.52 2.11 1.38 2 .0 0 0 *4 8 HRmax
(4)' . UJ.8 1.00 1.44 1 *64 0,67 OAF
Female PE 1.08 1.50 1,00 1.58 1 . 6? HRmin
Students 1.14 1 .21 1.25 1.74 1 o08 HRmax
(5) 1.38 1,00 1,, 44 1.00 0.75 CAF
Female 1.03 1.69 1,12 1.77 1*12 HRmin
1 st Class 1.52 1.09 1,67 2.32 1.33 HRmax
_ _  . (6) 1.16 1.18 1 ,21 1.18 1.18 OAF
Where significant differences between groups in variance 
or means have been revealedf these are.designated by 
* = 0*05 , t  = °*01 I = 0.001 levels of
confidence „
Further tests were performed on different subdivisions 
of the subjects ; ■
Male Physical Education v. Male 1st Class Sportsmen
H R ^ h 'P' = 1.44 C.R. = 3.81 **.*
HR„„V *P' = 1.12 C.R. = 0.09
Jj_I cxJv.
CAP *F:> = 1.24 C.R, = 2.25 *
Men v. Women 
HRmin > F : = 1.18 C.R, = 2.44
H^max ,P' = 1,26 °"R ' = 0,88
CAP 'P' =1.01 C.R, = 1.23
Tlie EF,f and f C* R» 1 ratios shown in Figure 24 repre­
sent tests between the 15 possible pairs of groups on 
each of the three variables - minimum and maximum heart 
rates and CAF* Of the 15 1F 1 tests on minimum heart 
rate 2 are significant at the 0*05 level - the younger 
P.E. students showing greater variation than both male 
middle distance and games players* They were also more 
varied than the other male group (long distance) but not 
significantly.so. These results are probably due to the 
greater variation in the maturations! stage of the teen­
ager*
The variance of maximum heart rate was also significantly 
different in 2 out of 15 cases, again at the 0*05 level of 
confidence* In this case, the maximum heart rates of 
male games players were significantly less variable than those 
of 1st* Class females and male middle distance*. The small 
number of 1st. Class females prevents this author from 
forming an opinion in their case* In the case of the 
middle distance maless some of the subjects had undergone
stress tolerance training (Thomas, 1970), which would 
elevate - their'maximum heart rates by comparison with Others 
within their group - thus increasing the variance and the 
{P * value *
There were no significant differences in variance of 
Cardiac Assessment Factor amongst the 15 possible pairs®
The critical ratios of the difference between uncorr- 
elat.ed means show 7 of the 15 pairs to be significantly 
different in minimum heart rate. Tharp?s (1968) state­
ment fIf andeasily measured index of fitness is being 
sought, it would be better to use the resting heart rate h  
seems to be validated* The male P. E« students have sig­
nificantly higher minimum heart rates than each of three 
groups of male sportsmen, and significantly lower minimum 
heart rates than female P.E* students* These results 
are completely consistent with the expected differences 
in fitness between these groups f and reinforced by the 
fact that well trained females had almost identical 
minimum rates with the male P.E. students - their training 
presutnably having overcome the inherent tendency of the 
female to have higher rates® The female P.E. students had 
significantly higher minimum heart rates than all male groups 
but a not quite significant difference from 1st* Class 
sportswomen - this latter being a function again of the 
small size of the groups, since a smaller difference in 
means with male P.E. students was significant«
There were no significant differences in mean minimum 
heart rates between the three groups of male sportsmen, 
only the middle distance men being slightly lower (1.1 
beats per minute)*
There was only one signifleant difference between groups 
in terms of maximum heart rate-J- This was between male 
games players (with the lowest reading, of 188.27) and 
female P. E. students (with the highest reading of 192..69).
The maximum.heart rate appeared not to be a powerful 
discriminator between sports groups as categorised in 
this study.
The two significant differences in mean CAP* s were cbt
highest CAF*s,- of 35*52), and P.E. students, both male 
(32.8) and f ernale (31*39)* Thi s re sult, again, might
be expected in considering the type of training and comp­
etition commonly experienced by these groups®
If the OAF scores of the specially trained oarsmen 
described on pages '135/156 are compared with even the 
best of these sub-groups, a significant result emerges:
ained between male middle distance runners (who had the
N CAF x and S.I).
Oarsmen 20 4-2.82 7.20
Male middle distance 76 35® 52
The small sample critical ratio for the difference
between these uncorrelated means is 15.2241? which 
oarsmen had been designed tovimprove their stress
tolerance, witl: pparenrly significant results®
significant differencepage 192, demonstrate
a significant difference between all males and all fem­
ales in minimum lie art rate only. These differences have 
been discussed previously (page 193).
The overall pattern of these results suggests that norma 
the strongest discriminator between groups in terms of hear 
rate is minimum heart rate® The maximum heart rate has 
very little power of discrimination in such groups as are 
categorised here® The Cardiac Assessment Factor seems 
to have a certain power to differentiate between groups, 
especially when considering subjects who have received 
specific training in exercise stress tolerance.
Chapter
Discussion
Discussion
The Cardiac Assessment .Factor is intended as a method 
of measuring some specific aspect of endurance fitness 
which has been termed stress tolerance® Within the lim­
itations of this study it has become apparent that, in a 
sample of sportsmen and women of both international and 
average standard, CAF adds no power of discrimination in 
terms of fitness to that already possessed by minimum 
heart rate. In fact, the CAF may often be a.weakening 
factor in analysing, fitness. In the main, this has been 
through the failure of maximum heart rate generally to 
discriminate between groups® As Brooke (1970) wrote in 
a recent review of cardiac function in athletes, fthe rate 
of change of heart rate with work, and the maximum heart rate 
have not been clearly related to differentiating the work 
capacities of trained athletic groups8®
Certainly, the maximum heart rate has been able to 
detect gross differences between groups, .eg. average ladies 
and 1st®Class middle distance men, and also changes (prob­
ably of maturation) in groups of young sportsmen over a 
period of time® But neither it nor CAF were capable of 
detecting differences between some different types of 
1st.Class sportsmen® These sportsmen who would presumably 
require a high degree of stress tolerance In competition, 
that is middle distance men, did record a higher mean CAF 
than other groups, but not through great elevation of the 
maximum heart rate, and not at a level, sufficient to be 
signif i cant.
This apparently constitutes a failure of the CAF as a
group measure® If individual results: are examined, 
from the 112 subjects who attended the Sportsmen8s 
Clinic, 11 recorded a CAF which was in excess of one 
standard deviation above the mean (43*21). These 
were:
Cyclists National junior champion
National junior champion 
Club junior champion 
Athletes National Champion
Canoeists British champion
Inter Services champion 
Club champion 
National champion 
National champion 
Fencers 3rd. national championship
Badminton County champion
By comparison with the standards of performance 
achieved by other sportsmen tested, these were by no 
means the most outstanding subjects of the investigation 
As a discriminator between individuals. CAF again seems 
not to be of great validity.
One group of sportsmen form a special category.
These are the oarsmen described on page 155* These 20 
subjects had been especially motivated by a desire to 
demonstrate that new training methods were needed in 
their sport, and were guided by this author in their 
preparation for competition. During the one racing, 
season in question (1967/8) the first crew selected 
from this groun remained unbeaten in international
‘ T
competition,, Pull details of the training given to the 
group have been given elsewhere (Thomas and Brody, 1969)? 
but it should be mentioned that the schedule included 
considerable elements of stress tolerance training#
The methods chosen were tempolauf (Thomas 1970) and 
circuit training (Morgan and Adamson,.1961)• This was 
the only group of subjects described in this thesis which 
had specifically received such training, and which, was 
specifically motivated to demonstrate the values of such 
training - indeed, such groups of subjects are very 
difficult to obtain® It has been noted earlier that the 
training produced a lower minimum and a higher maximum 
heart rate, and a higher CAP (page 156). It should 
also be noted that, with a group mean of 4-2*82 nearly 
one standard deviation above the other sportsmen, 8 of 
the 20 oarsmen had CAP!s bringing them into the upper 
range mentioned on page 198® This result has greet imp­
ortance, far outweighing any possible value of the CAP; 
that is, there may be a special endurance element which 
is not normally trained or developed by international 
standard competitors, connected with the ability to gen­
erate and tolerate proportionately higher heart rates®
The Russian school (Letunov,. 1966; Rosenb'lat et al, 1966; 
Rosenblat and SoIonin, 1966)has also hinted that this 
may be the case*
During earlier discussion (pp 112 - 117)the point 
was made that such performance characteristics may in 
part be psychological * The mean scores of the .11 sub­
jects with high' ClP*s (page 198) on the : personality
factor was 5*3 - for a factor which is described as 
1 Dominance — aggressive 1 ((Jo.itell end .ooer, 19oh,)«.
It is the one factor which might have been thought to 
he linked with motivation to tolerate extreme exercise 
stress, but even in the normal Sportsmen®s Clinic the 
mean score for *E* was 5*80 - neither of these two 
values being significantly different from the mean of 
the normal population. The correlation matrix (App­
endix 9) shows the 1H f factor (Parmia - venturesome, 
bold, uninhibited, spontaneous) to be negatively corr­
elated with CAP (r = -0.2278, P = < 0.05). These 11 
subjects scored a mean reading for !H S of 4.4* compared 
with x - 5*37. Sol)* = 2.17for the total Sportsmen* s Clinic 
subjects. This is not a significant difference, and in 
any case it is difficult to see how these factors could 
be connected. The conclusion must be drawn that pers­
onality factors according to Cattell and Eber (1962) 
are not Hiked with stress tolerance in sportsmen.
The small size of the group of special oarsmen upon 
whom some of these conclusions are based (P = 20), or 
of high scoring sportsmen (l\T = 11), makes it imperative 
that more extensive -study should be made of training and 
competition effects in this upper region of stress perf­
ormance* If the magnitude of the gains made by the 
oarsmen is an indication of a similar improvement in 
competitive performance, then it may be that a fresh 
approach to the training of sportsmen should be made.
CAP as a measuring device: The methods used in the pre­
sent experiments of measuring minimum and maximum heart 
rates have varied from one situation to another. The 
intention of this author has been to devise a flexible
methodology, to suit the varied demands of workers in the 
field situation. On an individual basis, provided that 
retest conditions arc the same as in the first test, 
then valid comparisons may be made within the limits of 
reliability inherent in those specific conditions*
Minimum heart rate measured in the laboratory is a less 
stable measure than basal heart rate measured during deepest 
sleep* Therefore a CAP based upon a laboratory resting 
heart rate will be less sensitive to changes in the indiv­
idual being measured. But that does not mean that the lab­
oratory resting method may not be used if other methods 
are unfeasible*
Standardisation of measuring conditions is of even grea­
ter importance in comparisons between individuals or bet­
ween groups,, The GAP is capable of detecting such diff­
erences, but the tester needs to be sure that he is not 
merely measuring differences between test conditions. If 
basic methods of measuring each of the two factors are lis­
ted, then any possible pair between, columns represents a 
method of applying CAP:
Minimum Heart Rate
Sleeping, Continuous eeg.
*' Intermittent u 
Sleeping, non REM phase H 
M M , palpation
Transition (sleep/wake) " 
Awake (bed), operator n
1 "a.m., self u
" " p.m., " H
!t ,f ■~"M operator u
Non-bed resting, ecg.
u %  operator palp.
" u self "
Maximum heart Rate
luring competition, telemeter 
Intermittent constant heavy 
load - telemeter 
” . 11 palpation
1 , increment load, n
n 1 ' telemeter
Continuous " ” !i
?f constant n n
Operator manipulation ”
All above except first, using
.Considering these methods (and there may bo others) 
there are 12 x If = 156 different conditions or combinat­
ions, some of which may produce very different results
from others* The selection of methods must be initially 
based upon feasibility, and the lack of an electrocardio­
graph or a telemeter imposes a fundemental inability to 
measure either the lowest basal heart rate, or the actual 
exercise maximum heart rate® With such .instrumental assistan­
ce, it may be discovered under precisely which reproducible 
conditions each of the heart rates may be measured at the 
extent of their range® In this case, the obtained CAP 
may be said to be maximal for.that individual®
If electrocardiography is not possible, then the method 
of measuring minimum heart rate is dependenteupon whatever 
degree of access is possible with the subject® It has 
been discovered that with careful administration it is 
possible to obtain sleeping heart rates on even large numbers 
of subjects with an acceptably small variance* With awake 
subjects, the quieter they remain the better* In many 
cases self counting by palpation is a valuable method, 
since an individual may intermittently sample his heart 
rales over varying conditions, and a large number of occa­
sions* He will be .more likely to record his lowest awake 
heart rate, especially if it does not occur at waking in 
bed®
The necessitjr to palpate' exercise pulses makes it nec­
essary carefully to consider the form of the exercise®
Since palpation has a greater standard error than machine 
measuring, possible sources of error ought to be minimised*
If palpation means that exercise pulses cannot be detected 
reliably, then manipulation of the last stages of the exe—
• reise by the operator cannot be performed* Even under
controlled experimental conditions (pages 84. - 97), with 
138 subjects during ergometer cycling, it was possible to 
ensure that terminal was maximum heart rate in only 107 
subjects (Appendix 1). 13 subjects peaked at 5 seconds
before exercise end, the other 16 subjects peaking at 
times up to . 50 seconds before exercise end. It is felt 
that this problem can be minimised by exercising intermi­
ttently* The operator has a regular check on the pro­
gress of the subject in terms of heart rate, and the con­
sequences of an occasional large operator error are minim­
ised because of the number of near maximal heart rates being 
recorded on the subject* It also ensures that no post­
exercise rate is established at a time much greater than 
5 - 1 0  seconds after peak, provided the exercise periods 
are not longer than 1 5 - 2 0  seconds*
It is necessary for rapid palpation that the subject and 
operator are together at exercise end. With stationary 
activity (cycle ergometer, treadmill, bench stepping) there 
is no problem, but with gross locomotion it is better If 
some sort of shuttle rim is used, especially if time rather 
than distance is the measure of the run. Trie subject is 
very close to the operator, who may even move with the 
subject over the last few seconds'of exercise®
v
The point has been made earlier (pages 127 - 131) that 
continuous incremental exercise precipitates the highest 
heart rates* However, in such a case there is only one . 
opportunity to measure maximum heart rate, and the conseq­
uence of operator fallibility is more serious * It is 
recommended that such exercise be used only when the heart 
rate is being automatically recorded*
A limitation of incremental exorcise is that the incre­
mental rate may not be the most suitable for the subject.
There appear to be no data concerning the differences bet­
ween individuals in their reactions to different incre­
mental rates.. In a slightly different context, it did 
become obvious during these experiments that individuals 
varied considerably in the time they took to achieve their 
maximum heart rate* During intermittent type tests, at 
a rate of approximately two exercise periods per minute, 
subjects achieved maximum heart rates on between their 
first and their tenth runs* The mode run was the fourths
Humber of runs to reach maximum heart rate
1 2 3 4 5 6 7 8 9 10
5 34 36 46 25 10 6 6 1 2 = 171.
sub j e ct s
Maximum heart rates, therefore, were in all cases preeiim­
itated within less than 5 minutes, but in some cases in 
less than 15 seconds. Subjects were able to manipulate 
their own exercise end work lead in that, though working 
harder, their less efficient locomotion meant that their 
actual running speed was dropping, In cases of very 
rapid acceleration of exercise heart rates, there is no 
information concerning the extent of any anticipatory 
heart rate responses. In the great majority of cases 
the maximum heart rate was precipitated between almost.1 
and minutes - which accords well with the notion of 1 
- 2 iTii.nu.tGU3 being the normally tolerated period of maximal 
anaerobic activity (Hermanson 19 69)« This time period 
is short enough to avoid effects on subjects* heart rates 
due to core temperature rises (Griffith. Pugh, 1971)*-'
The method of exercise, though appearing physiologically 
to have no effect during maximum exercise, does have sub­
jective and physical effects on subjects® Locomotor 
sportsmen prefer to undertake their accustomed means of 
locomotion® Cyclists prefer to pedal cycles, oarsmen 
to row, and runners to run* Cyclists in particular prefer 
to ride in their precise racing position during tests, 
which is impossible to achieve with any commercially pro­
duced ergometer. This author has designed and built an 
infinitely adjustable cycle ergometer in order to cater for 
this experimental demand (Appendix . Physical effects 
common in highly trained specialist sportsmen performing 
unusual locomotion are muscle soreness and tears, joint 
and ligament inflammation*
It has previously been mentioned that the mathematical, 
basis of the Cardiac Assessment Factor may be questioned®
An example may be constructed of a CAF equal to IChCh 
Various ways by which this can be obtained are:
Maximum. Heart Bate 120 160 200 240 per minute
Minimum Heart Rate 30 4-0 50 60 per minute
Variations in the minimum heart rate, since it is the
divisor of the fraction. havev proportionately greater effects
than similar variations in maximum heart rate? and yet, for
example, it would probably be easier for an individual to
alter his minimum heart rate by training from 50 to 4-0 than
1 60
his maximum from. 1 60 to- 200® So an individual with a
condition (CAF ~ 32*0) would achieve a CAF of 4-0.0 more 
easily by lowering his minimum heart rate to 4-0 per minute *
than by increasing his maximum to 200*
In addition5 there exists the second problem of com­
paring CAPfs between individuals when the absolute levels 
of their ranges differ - since this might affect the rela­
tive points within their ranges where their cardiac stroke 
volume became (or ceased to be) constant* Prom the 
earlier examples* a subject with 240/60 compared with a 
subject at 200/50 might be inferior even though having a 
similar CAP* If the stroke volume becomes maximal at a 
heart rate of 100* and begins to diminish again at a rate 
of 180* then the first subject has maximum efficiency 
(measured in terms of actual versus possible stroke volume) 
for 80/180 of his range* as against 80/150 for the second 
subject - especially since the latter presumably has a 
larger stroke volume anyway* Pot enough is known at this 
time concerning exercise haemodynamics to do more than 
hint at the possibility of such effects on the meaning of 
CAP *
In view of earlier discussion concerning the useful 
sensitivity of measuring devices in sport training* then 
CAP needs to be adapted to giving greater weight to the 
maximum heart .rate* It is* after all* concerned with the 
ability to tolerate maximal stress* This could be achieved 
by some such formula as:
CAP = (HRmax - K) x C_
HRmin • * where K represents
a heart rate considered as the lowest normal maximum heart 
rate, for example 160/minute, and C represents some mult­
iplier* for instance 10* If that were the case the factor 
would become:
(HRmax - 160) x 10
HRmin • A series of examples can be
derived■by'the' use of this hypothetical formula:
Changes in Maximum Heart Rate: Changes in Minimum Heart Rate
Hfi’s. Original
Formula
New
Formula
HRf s
•«
Original 
Fo rmula
New . 
Fo rmula
180/40 45 50 : 18 0 / 6 0 30 33.3
190/40 47.5 75 : 180/50 36 40
200/40 50 100 : 180/40 45 50
If these two formulae were applied to the average repre­
sentatives of first class male middle distance and games 
players of pages 188 - 195, the data would bes
Type HRmin HRmax CAP 1 CAP 2
Middle distance 53.34 189,49 35,52 55.286
Games players 54,44 188.27 34,58 51,928
For an approximate increase in size of CAF* s of 50$ 
there is an increase in. the difference between the CAP® s' 
of about 350$, The power of CAP as a discriminant would 
increase greatly in this case,
In situations where changes are achieved mainly in 
reducing minimum heart rate (ie, the majority of those nor­
mally experienced), the examples above show that the result­
ant changes in CAP are very similar with either formula. 
Changes achieved by Increasing maximum heart rate, however, 
world cause very different increases in CAP between the two 
formulae. This might bo considered to be of great benefit 
in recording improvements in stress tolerance. If the new 
formula were, anrlied i;o the extreme values shown Dy Sport-
smen* s Clinic subjects for minimum and maximum heart rates 
(Append ix 2) the foilowing CAF5s would re suit:
HRmin HRmax CAF 1 CAF 2
Lowest 38 165 43*42 13.1
Highest 74 208 .28.11 64,86
Lowest 54,74 126,32(Highest min with __  ______ ________ _________ __
lowest max etc*) -rj* _,-u 4. oo ia roHighest 22*30 ,0.6o
It can he seen that extreme values of CAF would show 
differences which were greatly disproportionate to the 
changes in actual heart rates, At this particular stage it 
only he said that the Cardiac Assessment Factor would benefit 
by being weigh bed in favour of higher maximum heart rates.
The precise way in which this should be achieved cannot at 
present be determined. Studies into strenuous exercise 
haemodynamics have been made during the last decade (Chapman 
et al, 1960; Taylor, 1963; Astrand et al 1964; Burch, 1964; 
Ekblom and Hermansen, 1968) , the general impression being 
given that 1 Apparently, at exercise at a heart rate of. or 
above 200 p the diastolic filling of the heart allows maximal 
stroke v o l u m e A s  the haemodynamics become more precisely 
defined, then a more sophisticated and valid equation will 
probably be possible for the Cardiac Assessment Factor,
car
Chapter 7
Summary
&
Conclusions
summary
A review of the'literature has disclosed important 
principles and concepts concerning the assessment of levels 
of fitness for sport. These are summarised, together with 
their original page references?
a c Since top class sportsmen can achieve great success from 
relatively small changes in their competitive performance, 
fitness tests for such subjects need to be sufficiently 
sensitive to detect changes of similar dimensions in the 
measured parameter (page 27).
b* Most operators of fitness tests do not possess extensive 
or sophisticated equipment or techniques. Tests need, therefore 
to be simple and robust enough to be of use in a wide variety 
of sports coaching situations (page 28).
c. Hitherto there does not appear to have been a test of 
ability to extend individual performance within the region 
of extreme physical stress , and yet a need for such a test 
has been expressed (page 197)*
d. Many well trained sportsmen appear not to experience an 
asymptotic heart rate reaction to exercise continued to 
exhaustion (110 et seq).
e* It is possible for healthy human subjects to exercise to 
such a state of exhaustion as to lose consciousness (pp 34? 39 
and 134)*
fo Hear exhaustion, a subject may experience a decrement in 
his externally measured work load simultaneously with an 
increment in heart rate reaction to that work (page 117)* 
g* The maximum heart rate for any individual is not necess­
arily an absolute entity, nor necessarily attainable (page.110),
h. The maximum, achievable heart rate of an individual is 
not necessarily a fixed entity.• It is specific to a variety
of conditions, and may change as the conditions change (page 110)
i. ■ The minimum heart rate of healthy normal humans is achieved, 
during deep sleep, out of rapid eye movement phase, generally 
after approximately 7 hrs of sleep (page 99 et seq).
Conclusions
On the oases of these principles, a Cardiac Assessment fac­
tor was devised and tested in a variety of situations. The 
experimental work in connection with this evaluation has led! 
to certain, conclusions of differing importance. This 
importance depends upon the level of statistical significance 
of the results; the effect the conclusion would have - if 
applied; the tendency of the conclusion to reverse previously 
held views, or to fill gaps which had existed in the previous 
state of knowlege; and the tendency of the results to lead to 
further research work® A subjective assessment of the 
importance of the conclusions has been made, and the conclus­
ions are presented in groups by order of importance, together 
with their original page references.
Group 1 - Results of greatest importance
a. Minimum heart rate during sleep was found to be signif' 
icantly lower than resting heart rate measured in the lab­
oratory (p= <  0.0G01) - page 109*
be Minimum heart rate during sleep was found to be signif-
icantly less variable than resting heart rate measured in the 
laboratory ( p = <  0.01 j - page 109*
c. With the subjects tested in this study, motivation by the 
operator resulted in a. significant elevation of maximum exe­
rcise heart rates ( p = ’<  0.001) - page 133*
d. Carefully trained - operators were able to me a. sure very 
high exercise heart rates by palpation, within an error 
standard deviation of £ 1.90. beats per minute, e g approx­
imately 1/o. This level of accuracy was achieved in part 
by taking account of each operator1s. error calibration - 
page 73 *
e. Maximum exercise heart rates may be calculated from 
recovery rates measured within 5 seconds of ending exercise, 
within a standard error of I 2,839 beats per minute - page 
90®
f . Carefully trained operators achieved test-retest relia­
bility coefficients of r - 0*98 (p = <  0 .001) in measuring 
the Cardiac Assessment Factor during this study - page 147* 
ge A group of specially trained adult sportsmen achieved
i. a mean decrement in minimum heart rate (p = < 0 ,02)
ii. a mean increment in maximum heart rate (p = < 0 ,001)
iii. a mean increment in CAF (p = <0.001.)
iv® significantly higher CAF1s than all other
groups studied (p =<0.0001 ■)
during the period of training, - page 149 et seq. 
he Groups of young men and women engaging in sports training 
as a greater part of their recreation experienced
i, a.mean decrement .in minimum heart rate (p = <  0 *0009} 
ii® a mean decrement in maximum heart rate (p = <' 0.05)
iii. a mean increment in CAF (p = 0.02)
during the period of training and maturation - page 149 et sec
i* Various measures of resting and working heart rate corr­
elated significantly with 26 other measures of physical and 
psychological condition, at various levels of probability 
(p = <0*05? < 0 ,01, <  0 ,001) - page 173 et seq* 
j. A group of first class sportsmen exhibited a positive 
correlation between their minimum and maximum heart rates 
(p = < 0 .001) - page 173*
2 - Results of less importance
a® A group of well trained sportsmen achieved practically 
identical heart rates when undergoing maximal exercise tests 
on two different modes of ergometer (p = >  0 *1) - page 139*
b. Various measures of resting and working heart rates corr­
elated significantly with one another at various levels of 
probability (p = <  0,01 and 0*001) - page 173*
c. Variations in minimum heart rate were the dominant cruise 
of variations observed in the Cardiac Assessment Factor - 
page 191 et seq.
de The highest correlation between the Cardiac Assessment 
Factor and any other measure of physical condition was 
r = 0 ,3121, obtained against predicted oxygen uptake - page 
183,
e* A group of male physical education'students had higher . 
minimum heart rates than three groups of sportsmen class­
ified by type of competition (p = <0,0 5, < 0 ,001), and 
lower minimum heart rates than a. group of female physical 
education students (p = <  0,0 5) - page 191* 
f, A group of female physical education students had sig­
nif icantly higher minimum heart rates than all groups of 
men (p = <0*05, and <f 0 .001) - and significantly higher
maximum heart rates than male games players (p =<0,05) - 
page 191*
g * A group of male middle distance runners had significantly 
higher Cardiac Assessment Factors than groups of'.male and 
female physical .education' students (p = <0,05) - page 191* 
hu Male subjects had significantly lower minimum heart rates 
than female subjects (p = < 0,05) - page 192,
Group 3 - Hesuits of least importance
a 6 Groups of subjects undergoing continuous maximal exercise 
achieved higher maximum heart rates than groups undergoing 
intermit'bent maximal exercise (p - <  0,05) - page 124. 
b e There was' no significant difference in maximum heart 
rates between subjects exposed to both constant and increm­
ental work loads (p => 0,1) - page 129,
o . Heart rate was measured from calibrated electrocardiograms 
with negligible error - page 77,
d. Well trained operators were able to measure resting heart
rates to the nearest whole beat,.using a stopwatch9 with no 
error - page 76,
e. Male physical education students exhibited greater varia­
tion in minimum heart rates than male first class games play­
ers and middle distance sportsmen (p - < 0,05) - page 191«
f. Female first class competitors exhibited greater variance 
in their maximum heart rates than male first class games 
players (p = <  0,05) - page 191*
These various re suit s * when seen in the light of discussion 
and literature reviews, allow the following major conclusions
to be made:
. There appears to be a special element of physical endurance, 
hitherto undefined, linked with the tolerance of very high 
levels of acute exhaustion. This element was specifically 
developed in one group of adult sportsmen during a period 
of training (p = <  0*001).
The Cardiac Assessment Factor, in its present form, appears 
not to be a useful method of measuring an element of fitness 
in large heterogeneous groups of sportsmen, since the meas­
urement of minimum heart rate provides a more powerful index 
of fitness.
The Cardiac Assessment Factor, in its present form, appears 
to be a useful method of measuring that specific element of 
fitness in sportsmen which can be developed by extensive 
exposure to extreme exhaustion stress. This conclusion 
applies both to individuals on a test-retest basis, and to 
groups on both test-retest and inter-group bases.
It is of greatest importance that the conditions under which 
the Cardiac Assessment Factor is obtained should be' practic­
ally identical if valid comparisons are to be made, either 
on an individual or a group test-retest basis, or on inter­
group bases.
In situations where elect^ocardiography is not possible, the 
most reliable framework within which to measure maximum exer­
cise heart rate is provided by intermittent maximal exercise.
The sensitivity of the Cardiac Assessment Factor as a measur- 
ina* device can be increased by altering its formulation,
especially by increasing the proportionate effect of 
maximum heart rate® Insufficient evidence exists at this 
time to allow a precise improved formula to be devised®
further research should be undertaken on the following 
major issues:
a® the normal shape of the curve of heart rate at extre­
mely high levels of exhaustion
b» fluctuations in the mechanical efficiency of subjects 
when passing through different stages of fatigue?
. - particularly at extremely high levels of exhaustion®
c, the phenomenon of increase in the level of maximum 
heart rate with training
d. the link between absolute values of oxygen uptake 
and the Cardiac Assessment Factor
e« improvements in the formulation of the Cardiac Assess- 
• merit Factor? based upon re-analysis of the present data
and extensions in knowlege of haem.odynamics*
It is the author1s intention to undertake this further
research®
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Append!c
APPENDIX 1
Observation matrix of heart rates obtained during 
maximal exercise tests. The rates were obtained 
at specific and consecutive 5 second periods during 
the last minute of exercise (EX 1-, EX 2, etc), and 
similarly during the first minute of recovery (PEX 
1, PEX 2, etc). 'The subdivision of subjects into 
categories (SUB 1, SUB 2, etc) is intended for future 
studies, and has no relevance to the' present work.
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Observation matrix of data acquired from the Sportsmen* s 
Clinic• The key for parameter identification appears on 
page 174*
o b s e r v a t i o n m a t r i x  c l i n i c
A A 0 0 01 A AO 0 0 2 A A 0 0 0 3 AA0OO4 AA00O5 AB0OO7 ABC
c o n s t 1 .00 1 .00 1 .00 1 ,00 1 . 0 0 1 ,00 1
age 16.30 22.10 23.90 24, 80 21.90 31,00 1?
hAEm 105.00 102 # 00 110.00 1 1 0 , 0 0 125.00 105,00 122
sYST 146.00 143,00 154.00 137,00 127.00 126.00 15<
OIA S T 73.00 60. 00 65.00 65,00 66.00 80, 00 7 k
PR 73,00 83. 00 89,00 72.00 61.00 46. 00 71
h r l a b 66.00 62.00 66.00 62,00 56,00 73,00 71
as tr 1 - 4 2 . 0 0 150.00 138.00 130,00 138,00 178,00 19 i
VOH 3.80 2.75 4.08 4.60 4.15 2,10 1
HRMIN 54.00 49.00 45. 00 46,00 49.00 60.00 61
h RMAX 191,00 200,00 185.00 172,00 180.00 180,00 197
caf 35,30 40. 80 41 ,10 37,40 36,70 30,00 21
VC 5.70 5.33 6,02 5,67 5,68 4.02 1
PEV1 5.12 4.13 5.23 5,52 5.00 3.63 1
m EF 7.75 7.10 13.50 10,20 9.90 6,95 i
ht 185.00 176,00 184.00 185.00 179.00 168,00 161
W T 76.40 73.50 77.50 79.00 79.50 65,00 61
ARM 31 .60 31 .10 33.80 32,00 3O.50 27,60 3C
calf 36,90 37.20 37.00 36.70 37,20 34, 30 M
TRJC 8.60 8. 70 7.40 8.20 9,30 12.00 21
sCAp 8. 20 8.50 9.00 8.60 9.00 12.40 I S
s Up r A 6.00 4.40 5.30 6,60 5.10 17,60 2!
MUM 6.30 6.20 6.20 6,90 5.90 5.60 £
FEMUR 9.50 9.60 8.50 9,40 9, 20 8,40 8
e n d o 2.50 2.50 2.25 2.25 2.75 3.50 5
m e s o 2.50 3.25 3.25 4,00 2.25 1 .00 1
e c t o 3.75 2.50 3.50 3.75 2.75 3,25 1
kn ee 62. 00 69.00 48.00 68,00 68.00 32,00 43
HlP 58.00 63.00 44. 00 59,00 55,00 21,00 36
t r u n k 40,00 37. 00 40.00 48,00 36.00 20,00 4 8
S H 42. 00 50. 00 43.00 54.00 47,00 20,00 23
ak 9 4, 00 110.00 98.00 108,00 108.00 38, 00 66
e l b o w 28.00 28. 00 31 .00 39,00 30,00 16, OO 14
f* L B E X 16.00 17.00 16.00 26,00 22.00 6. 00 1C
g RI PR 54.00 55.00 49.00 50,00 49,00 30,80 39
g RIp L 43,00 42. 00 40. 00 43, OO 56. 00 28,10 3C
VERT*) 44.50 56. 00 54.50 58,00 56.80 37,00 4 4
222,00 241.00 198.00 238,00 212.00 199,00 203
pFA 6.00 6, 00 3.00 3.00 6,00 6, 00 4
PFB 10.00 8.00 8. 00 5.00 8.00 1 0 . 0 0 4
PFC 6. 00 5.00 4.00 4, 00 6.00 3. OO 5
PFE 7.00 7. 00 3.00 9.00 7.00 2.00 8
p F F 7.00 6. 00 4. 00 1 0 , 0 0 6,00 2.00 7
p F G 5.00 4. 00 4.00 9,00 3.00 4.00 7
p F M 9,00 10.00 1 ,00 8.00 4,00 4,00 8
PF J 5.00 7.00 6.00 5.00 6,00 7.00 2
p F L 6. 00 8.00 6 . 0 0 1,00 6,00 3,00 1
p P M 5.00 7. 00 5.00 5.00 2.00 9.00 6
p f n 7.00 6. 00 9,00 6,00 8.00 5.00 5
pFO 6.00 6. 00 10.00 3,00 6,00 3, 00 5
pFQ1 6.00 6, 00 6.00 4. 00 7. 00 4,00 7
p F 0 2 7.00 7.00 6. 0O 6,00 6,00 6. 00 5
P FQ3 5. 00 5.00 4.00 4.00 4.00 2, 00 4
p F-QA 5. 00 5.00 6, 00 2.00 5, OO 4. 00 5
SEX 1 .00 1 .00 1 .00 1,00 1 , 0 0 2,00 2
w c «  /  V M / w  /  v  * /  /  f  *
o b s e r v a t i o n  m a t r i x c l i n i c
■ A  B  0  0 1 1 A  BO 01 2. A B 0 01 3
c o n s t 1 .00 1 .00 1 ,00
a g e 2 5 . 0 0 16,00 17.00
h a e m 111.00 99,00 100.00
s y s t 118.00 149.00 1 4 7 . 0 0
D l A s T 71.00 67.00 68,00
P P 47.00 82.00 79.00
HRLAB 57.00 8 0 . 0 0 85.00
A S T R 152.00 175.00 188.00
V 02 2.40 1 .80 1 .80
MRMlN 47.00 60. 00 66.00
HRMAX 173.00 193.00 194.00
CAF 36.70 32.20 29,40
VC 4.26 4. 42 4.14
F E V 1 3.67 3.44 3.31
m e f 7 . 9  5 5.45 5.00
h T 169.00 171.00 168,00
WT 64.90 58.20 57.80
ARM 26.60 26,00 26.00
CALF 36.20 34. 40 37,00
TRIC 16.60 11. no 15,40
s C A p 8.00 6.30 10.10
SUPRA 1 7 . 0 0 12.80 13.30
HUM 5.50 5.40 5.20
F E M U R 8,70 7,70 8.00
e n d o 3.5 0 3.25 3.75
m E s g 1,00 1 ,00 1 . 00
e C t o 2.75 4.25 3.75
KNEE 48, no 35.no 42.00
HlP 38.00 34. 00 31, 00
TRUNK 30. no 30. 00 33.00
SH 29.00 12. 00 17.00
A K 82, 00 52.00 70.00
FlBOW 11.00 9.00 13.00
F L B e X 12.00 3.00 6.00
C l  RI p R 42.20 34.30 32.70
g RIp L 48.70 32.60 26. 50
V E R T J 30. 00 47. 00 41.00
209.00 202.00 200.00
P F A 5.00 3.00 6.00
p F R 8.00 6.00 8.00
PFC 6  . 00 5.00 7.00
p F E 6.00 7.00 6. 00
P F F 6.00 6.00 7.00
p  F G 7.00 5.00 _._J_ . 1 ,  00
P F H 4.00 5.00 5.00
P F I 2. 00 4,00 5.00
P F L 5.00 3. 00 5.00
p FM 5. 00 6.00 6.00
p FN 6.00 7.00 5.00
p F O 5.00 5.00 7.00
p F Q 1 5. 00 7,00 5.00
p  FQ2 5.00 5.00 7.00
p F Q 3 5.00 6,00 6. 00
P  FQ4 5.00 4.00 3.00
S  E X 2.00 2.00 2.00
A B 0 0 1 - 4 AB0015 AB0016 AB
1 .00 1 .00 1 .00
18,00 24,00 27.00 2
95,00 100.00 119,00 11
131,00 109,00 146.00 13
7 0.00 64.00 77.00 7
61.00 45.00 69,00 6'
87,00 69.00 70, 00 6
193,00 169,00 182,00 16
1.60 1 .80 2,10
58, 00 58.00 52,00 4
208.00 180.00 182,00 19
35.80 31 . 1 0 34.90 4
3.52 3,76 4.67
3,42 3,27 3.80
6.25 6.74 6.50
1 6 0 , 0 0 160.00 173.00 17
50.00 51 .30 64.10 7
25,70 26,60 28,40 3
34.00 35.40 36.00 3
9.50 9. 40 12,00 1
8.00 8.10 10.20 1
8,00 4.60 16, SO
5.10 5,10 5,90
7,60 7,50 8,20
2.75 2.50 3.25
1 .00 1 .00 1 ,00
3.25 3. 25 4,00
24, 00 38,00 26, 00 4
14, 00 38.00 18. 00 3
26, 00 32,00 14.00 2
11.00 26, 00 24, OO Z
32,00 62,00 42. 00 6
5,00 10.00 8.00 2
2,00 6 , 00 1 . 00
33,70 41 , 50 42.40 5
29,00 33.00 37.50 4
46.00 47.O0 46.00 5
219.00 216.00 218,00 23
6,00 1 .00 6,00
8.00 7.00 7,00
5,00 10.00 5,00
6.00 3.00 1 .00
5.00 3,00 3.00
3.00 9.00 10.00
4.00 3.00 3.00
8. 00 1 .00 9 . 00
3.00 6.00 8.00
5.00 2,00 5.00
7.00 7.00 3.00
5.00 1 .00 7,00
6.00 7.00 6. 00
7.00 8.00 5.00
2.00 9,00 8,00
6.00 2.00 4.00
2,00 2. 00 2.00
O B S E R V A T I O N MATRIX CLINIC
A B 0 0 2 0 A  B  0  0  2 1 A  B  0  0  2  2
c o n s t 1  , 0 0 1  . 0 0 1  . 0 0
a c e 2 6 . 0 0 2 0 .  0 0 1 8 . 0 0
h A E m 1 2 5 . 0 0 1 2 6 . 0 0 1 1 8 . 0 0
s Y S T 1 2 3 . 0 0 1 4 7 . 0 0 1 3 6 . 0 0
d i a s t 6 4 .  0 0 7 6 ,  0 0 6 4 . 0 0
p P 5 9 . 0 0 ■ 7 1  . 0 0 7 2 . 0 0
H R L A B 6 7 .  0 0 9 3 .  0 0 8 3 . 0 0
a S T r 1 5 6 . 0 0 1 6 7 . o o 1 8 4 . 0 0
V 0 2 2 . 6 0 2 . 5 0 2 . 3 0
H R M l N 6 0 . 0 0 S B .  0 0 6 3 .  0 0
h R M A X 1 0 7 . O Q 1 9 3 . 0 0 1 9 7 . 0 0
C A P 3 1  . 1 0 3 3 . 3 0 3 1 . 2 0
v C 3 . 9 2 5 . 0 7 4 . 9 6
p E V l 3 .  6 1 4 . 6 7 4 . 2 1
m E P 8 .  0 0 9 . 4 5 7 . 9 5
h t 1 6 3 . 0 0 1 7 0 . 0 0 1 7 6 . 0 0
W T 6 0 . 8 0 6 6 .  5 0 6 4 , 2 0
a r m 2 9 . 7 0 3 0 . 0 0 2 9 . 0 0
c a l f 3 6 , 0 0 3 8 .  5 0 3 6 . 0 0
T R I C 1 3 . 8 0 1 1  . 6 0 7 . 8 0
$ C A p 9 . 3 0 8 . 5 0 7 , 0 0
s U p r A 6 . 7 0 6 . 6 0 6 . 8 0
H U M 5 . 6 0 5 . 8 0 6 .  0 0
f e m u r 8 .  2 0 8 . 2 0 9 . 0 0
U N D O 2 . 7 5 3 .  0 0 2 , 7 5
m E S O 2 . 0 0 3 . 0 0 2 . 2 5
F e t e 2 . 5 0 2 . 5 0 3 . 7 5
K N E E 3 6 , 0 0 S 3 .  0 0 1 8 ,  0 0
HlP 3 0 .  0 0 4 2 . 0 0 2 8 . 0 0
t r u n k 3 4 .  0 0 3 6  . 0 0 3 2 . 0 0
S H 2 4 . 0 0 3 8 .  0 0 3 3 . 0 0
a K 4 0 . 0 0 7 4 . 0 0 5 4 , 0 0
e l b o w 1 4 . 0 0 1 3 . 0 0 3 3 . 0 0
E L B e X 8 .  0 0 5 .  0 0 1 8 . 0 0
G  R I  P  R ■ 4 5 . 5 0 5 0 . 5 0 5 0 . 0 0
G  R I  P  L 3 6 . 0 0 5 0 . 7 0 4 7 . 7 0
V E R U 5 3 . 0 0 5 5 . 0 0 4 9 . 0 0
S B d 2 3 1 . 0 0 2 3 0 . 0 0 2 2 9 . 0 0
P F A 9  .  0 0 3 .  0 0 8 , 0 0
p F B 6 , 0 0 1 0 . 0 0 8 . 0 0
P F C 7 . 0 0 2 . 0 0 3 . 0 0
p F E 4 . 0 0 7 . 0 0 3 . 0 0
P F F 5 . 0 0 4 .  0 0 5 . 0 0
p F G 7 . 0  0 6 .  0 0 5 . 0 0
P F H 6 . 0 0 3 . 0 0 3 . 0 0
p F  I 1 . 0 0 6 . 0 0 8 , 0 0
P F L 3 . 0 0 8 . 0 0 7 . 0 0
P F M 5 , 0 0 1 0 . 0 0 7 . 0 0
p F n 9 .  0 0 3 . 0 0 8 . 0 0
p F O 5 . 0 0 4 . 0 0 8 , 0 0
p F Q l 4 . 0 0 1 0 . 0 0 8 . 0 0
p F Q 2 7 . 0 0 7 . 0 0 7 . 0 0
p F Q 3 8 .  0 0 4 . 0 0 4 . 0 0
p F Q 4 5 . 0 0 6 . 0 0 . 8 . 0 0
S E X 1 . 0 0 1 . 0 0 1  . 0 0
A B 0 0 2 3 A B 0 0 2 4 A C  0 0 2 5 A C  C
1  . 0 0 1  , 0 0 1  , 0 0 1
2 5 . 0 0 1 9 . 0 0 2 4 , 0 0 2 1
1 1 8 , 0 0 1 2 0 . 0 0 1 0 1 . 0 0 1 1 S
1 - 4 6 . 0 0 1 2 9 , 0 0 1 3 9 . 0 0 1 - 1  <
7 6 , 0 0 6 4 , 0 0 7 4 . 0 0 6 1
7 0 , 0 0 6 5 .  0 0 6 5 , 0 0 4 ’
5 5 . 0 0 6 1  , 0 0 7 1  , 0 0 ?:
1 - 4 0 . 0 0 1 6 2 . 0 0 1 7 0 , 0 0 2  0 1
3 . 8 0 2.80 2 , 9 0 t
3 0 , 0 0 5 6 , 0 0 6 9 , 0 0 5 <
1 8 2 , 0 0 1 9 2 , 0 0 1 9 2 , 0 0 1 8 /
3 6 . 4 0 3 4 . 3 0 2 8 , 0 0 3 !
4 . 9 1 5 . 5 1 4 , 4 5
3 . 8 8 4 . 3 0 3 . 9 4 .
7 , 7 0 6 , 3 5 7 .  S O <
1 7 2 . 0 0 1 7 7 , 0 0 1 7 3 , 0 0 1 6  ’
7 4 . 0 0 7 4 . 0 0 7 1  . 2 0 6 i
3 0 , 0 0 3 1  . 4 0 2 7 . 7 0 2 (
4 0 . 2 0 3 9 , 2 0 3 7 , 9 0 3 <
9 , 8 0 1 2 , 2 0 2 0 . 0 0 V
1 1  . 2 0 6,80 9 ,  2 0 i
6 . 6 0 6 , 4 0 1 2 . 6 0 1 1
5 . 9 0 6 . 3 0 5 . 7 0 j
8 .  8 0 8 . 7 0 9 ,  0 0 I
2 , 5 0 2 . 7 5 4 » 0 0
5 ,  0 0 4 , 0 0 3 , 0 0
2 . 2 5 2 . 2 5 2 . 7 5 \
5 5 . 0 0 4 6 , 0 0 5 1  . 0 0 6
4 1 , 0 0 5 0 .  0 0 4 1  ,  0 0 4 '
5 6 ,  0 0 6 0 .  0 0 3 8 ,  0 0 3
5 6 , 0 0 4 0 . 0 0 2 1  . 0 0 3
1 1 2 . 0 0 9 0 . 0 0 6 4 , 0 0 9
2 3 . 0 0 1 8 , 0 0 1 2 . 0 0 1
1 8 , 0 0 2 0 . 0 0 6 , 0 0 2
4 9 . 2 0 5 0 , 0 0 3 7 .  5 0 3
4 2 , 5 0 4 3 . 0 0 3 3 . 0 0 3
5 0 . 0 0 5 1 . 0 0 3 7 . 0 0 4
2 3 9 . 0 0 2 2 3 , 0 0 1 6 4 . 5 0 1 9
7 . 0 0 8 . 0 0 4 ,  0 0
8 . 0 0 7 . 0 0 1 0 . 0 0
5 . 0 0 5 . 0 0 4 . 0 0
5 . 0 0 5 . 0 0 8 . 0 0
6 , 0 0 7 . 0 0 6 . 0 0
8 . 0 0 3 . 0 0 6 . 0 0
4 . 0 0 6 . 0 0 6 . 0 0
4 , 0 0 6 . 0 0 4 , 0 0
5 . 0 0 6 . 0 0 8 .  0 0
6 , 0 0 5 . 0 0 7 . 0 0
8 . 0 0 4 . 0 0 2 . 0 0
1 0 , 0 0 7 , 0 0 6 , 0 0
6 . 0 0 9 . 0 0 8 .  0 0
6 , 0 0 4 . 0 0 3 , 0 0
5 * 0 0 4 . 0 0 2 , 0 0
5 , 0 0 7 . 0 0 6 , 0 0
1 . 0 0 1  . 0 0 2 . 0 0
o b s e r v a t i o n m a t r i x  c l i n i c
A C 0 0 3 0 A C 0 0 31 A C 0 0 3 2 A C 0 0 3 3 AC0034 AC0035
c o n s t 1 .00 1 .00 1 .00 1 .00 1 .00 1 .00
aG e 19.00 21 .00 21 .00 24.00 22,00 38.00
hAEN 131.50 105.00 111.00 103.50 113,00 103,00
sYst 134.00 124.00 138.00 133,00 143.00 142,00
Dl AST 71.00 72. 00 79.00 69,00 82.00 91 .OO
pP 63.00 52.00 59.00 64,00 61 .00 51 ,00
HRLAB 47.00 77.00 72.00 62,00 72.00 78.00
ASTR 178.00 155.00 190.00 188,00 145.00 165.00
\iQ2 3.43 3.02 3.12 3,63 3.30 2.90
HRMlN 43.00 54.00 60.00 54,00 56.00 67,00
HRMAX 182.00 191.00 185.00 191,00 192.00 182,00
caf 42.30 35.40 30.90 35.30 34.50 27.10
VC 5.62 5.14 4.01 6.50 5.14 4.35
PEV1 4.13 4. 40 3.69 5,40 3,54 3.73
mef 8.10 8.45 6.40 16,50 6.95 8.25
ht 195.00 177.00 175.70 188,50 184.00 185,00
UT 81 .80 73.60 67.70 90, 50 83,50 75.20
arm 33.00 30.30 30.50 31.70 35,20 29,30
CALF 39.20 38.70 36.80 39.80 38.20 33,00
TRIC 9.00 10.00 6.60 11,00 11 .50 9,80
RCAP 11 .20 11.20 9.00 12.20 10.80 11.80
sUpRA 7,00 6.40 5. 00 10,60 7,80 12.40
HUM 6.90 6,10 6,40 6.30 6.70 6,00
FEMUR 9. 20 9 .20 8.70 9.60 9. 50 9,20
eNDO 3.00 3.00 2.25 3.50 3.25 2 .'75
m e s o 2. 50 3. 00 1.75 3.50 5,00 1.00
e Ctg 4.75 2.50 3.50 2.75 2,75 5,00
kn ee 92.00 76.00 78,00 96, 00 72,00 34. OO
HlP 44.00 72,00 56.00 72.00 56.00 44,00
t r u n k 50.00 36. 00 59,00 64.00 52 , 00 48, 00
SH 36.00 52.00 46. 00 48.00 58,00 34.O0
AK 110.00 98.00 106.00 120,00 110,00 50,00
ELBOW 38.00 28.00 34.00 29.00 38,00 = 32,00
Ft BEX 15.00 20. 00 43.00 16,00 30,00 13,00
g RIpr 60.70 58,00 47.00 69 , 50 60.00 57.00
C, RI P L 53.00 58. 00 44.50 69,50 50,50 60, 00
v e r t j 61 _ 00 48.50 64. 00 48.50 55.50 44.00
SBJ 224.00 199.00 251.50 231.00 216.00 196,50
pFA 4.00 8.00 7.00 6,00 5.00 3.00
pFB 6. 00 9.00 7.00 6,00 7.00 8.00
p FC 4.00 5.00 6. 00 4.00 6.00 5.00
p FE 7.00 3.00 8. 00 7,00 7,00 5.00
pFF 5.00 5,00 10.00 1.00 7.00 5,00
p FG 3.00 7.00 3.00 1 .00 4.00 3,00
PFH 5.00 4.00 6.00 5.00 4.00 ^.00
PFI 9.00 7.00 4. 00 10.00 3,00 7.00
pfl 4. 00 5,00 6.00 8,00 3.00 8.00
p FM 9.00 8.00 6.00 8,00 5.00 6,00
pfn 2.00 7,00 3.00 3.00 8.00 6.00
p FO 3.00 3.00 6.00 10.00 4.00 8.00
p FQ1 9. 00 7.00 6.00 8. 00 9 . 00 7.00
p FQ2 6, 00 4.00 5.00 8.00 8.00 7.00
p FQ3 4. 00 8.0 0 5.00 2.00 5.00 7,00
P FQ6 5.00 3.00 5.00 3,00 1 ,00 6.00
S EX 1 .00 1 . 00 1.00 1 .00 1 .00 1 .00
AC
2
12
15
6
8
9
15
6
20
3
1
17
8
3
3
1
1
9
8
11
5
10
3
3
6
6
6
2 A
1
o b s e r v a t i o n m a t r i x  c l i n i c
B00039 B 0 0 0 4 0 &00041
c o n s t 1 .00 1 ,00 1 .00
age 19.00 20.00 20.00
hAEm 108.00 103.00 123.00
$ys t 128.00 123.00 116,00
d i a s t 68.00 68. 00 52.00
pp 60.00 55.00 64.00
HRLAB 88.00 49 .00 52.00
ASTR 165.00 131.00 152.00
V/Q2 1 .80 4.45 2.80
h r m i n ?4.00 50,00 55,00
HRMAX 203.00 192.00 182.00
CAF 27.40 38. 40 33,90
VC 3.23 6.45 6.12
fEv i 2.65 5.57 4,90
mef 4.52 11 .20 10,10
ht 153.50 178.50 176.00
WT 51 .20 77,20 75.90
ARM 28.40 33.10 36.40
ca l f 32.50 37. 50 37,30
TRIC 18.00 7.30 6.80
sCAp 12.00 9.30 9.20
SUPRA 8. 20 4.60 5.60
HUM 4,80 6.50 6,10
f e m u r 7.30 9,40 8.60
nNDO 3,75 2.25 2,25
m e s o 1.00 5.25 6.75
ec t o 2.25 2.25 2.25
kNEE 40.00 82.00 60.00
H i p 30. 00 55.00 65.00
TRUNK 42,00 66. 00 38,00
sh 30.00 64. 00 52,00
ak 8 0 . 0 0 120.00 84, 00
ELBOW 26.00 22.00 44.00
e l b e x 7.0 0 13. 00 29.00
G RI p R 34.00 54.50 49.O0
G R I P L 31,50 51 . 50 49.50
V E R T J - 44.00 57. 50 50.00
SBJ 189,50 231.00 222.00
PFA 3.00 7.00 6,00
p FB 8, 00 9.00 6,00
PFC 8,00 9,00 8.00
PFE 6.00 3,00 6.00
pFF 5. 00 4, 00 7.00
pFG 7.00 4.00 6.00
pFH 8. 00 6,00 8.00
PFI 5. 00 6.00 6.00
p FL 7.00 2.00 5.00
p FM 8.00 2.00 8.00
PFN 5.00 3,00 6.O0
pFO 4.00 7.00 4.00
p FQ1 7.00 9.00 6.00
p FQ2 7.00 6. 00 5.00
P FQ3 7.00 9.00 5.00
pFQ4 7,0 0 6.00 6. 00
S E X 2.00 1 .00 1.00
B & 0 O 4 2 B D 0 0 4 3 B D 0 O 4 4 B D (
1  . 0 0 1  . 0 0 1  . 0 0 1
1 8 , 0 0 1 8 , 0 0 2 0 . 0 0 Z1
1 1 1 . 5 0 1 0 2 . 0 0 9 9 , 0 0 1 2  i
1 3 0 . 0 0 1 2 7 , 0 0 1 3 8 , 0 0 1 4  i
7 8 , 0 0 5 9 . 0 0 7 5 . 0 0 5 1
5 2 . 0 0 6 8 , 0 0 6 3 , 0 0 at
7 7 . 0 0 6 2 , 0 0 7 8 . 0 0 6 1
1 3 6 , 0 0 1 7 2 , 0 0 1 6 2 , 0 0 1 5 ?
2 , 6 5 2 . 1 0 2 . 1 0 <
5 6 .  O O 4 3 .  0 0 5 8 . 0 0 6(
1 9 9 , 0 0 2 0 3 . 0 0 1 9 0 , 0 0 1 9 1
35.>50 4 7 . 2 0 3 2 , 7 0 2S
6 , 1 9 5 . 5 4 4 . 9 1 i
5 . 8 5 5 . 0 4 4 , 1 5 i
1 0 , 5 0 9 , 5 0 6 , 0 0 <
188.00 1 7 1 , 5 0 1 7 4 , 0 0 1 8 :
7 5 . 3 0 6 7 . 4 0 6 2 . 2 0 7 <
3 1 , 4 0 3 2 . 2 0 3 0 . 7 0 3 !
3 7 . 0 0 3 8 . 0 0 3 3 , 8 0 3 i
6 . 2 0 5 , 6 0 7, 5 0 <
8 . 1 0 7 . 5 0 8 , 0 0 • i
4 . 4 0 5 . 4 0 5 . 6 0 ■ i
6 . 4 0 6 , 5 0 5 , 5 0 i
9 , 2 0 8 . 9 0 8 . 5 0 i
2 . 0 0 2 .  0 0 2 .  2 5
1 , 7 5 4 . 2 5 1 , 0 0
4 . 5 0 2 . 7 5 3 . 7 5
5 5 , 0 0 7 0 . 0 0 60,00 7
6 0 . 0 0 7 0 . 0 0 4 4 . 0 0 4 '
5 6 , 0 0 4 9 . 0 0 4 6 ,  0 0 5
4 7 , 0 0 4 0 , 0 0 5 6 . 0 0 5
1 1 0 . 0 0 1 2 0 , 0 0 1 0 4 , 0 0 1 0
3 7 , 0 0 2 8 . 0 0 3 4 . 0 0 3
1 0 , 0 0 2 2 ,  0 0 2 6 . 0 0 2
5 4 , 5 0 5 4 . 5 0 4 9 , 0 0 5
5 4 . 0 0 5 2 . 0 0 4 1 . 5 0 5
5 2 . 0 0 6 6 , 0 0 5 1  . 5 0 4
2 2 9 , 0 0 2 4 5 . 5 0 2 2 2 . 0 0 2 4
5 . 0 0 1 .00 6 , 0 0
8 , 0 0 8 . 0 0 5 , 0 0
6,00 4 . 0 0 2 , 0 0
4 . 0 0 4 . 0 0 6 . 0 0
4 . 0 0 2 . 0 0 1 0 , 0 0
5 . 0 0 5 . 0 0 3.00
6 , 0 0 2 . 0 0 4 .  0 0
4 . 0 0 8 , 0 0 6 . 0 0
7 . 0 0 3 . 0 0 8 , 0 0
7 . 0 0 9 . 0 0 5 . 0 0
5 . 0 0 3 . 0 0 3 . 0 0
7 . 0 0 7 . 0 0 7 , 0 0
9 . 0 0 7 . 0 0 4 , 0 0
4 , 0 0 9 . 0 0 5 , 0 0
5 . 0 0 5 , 0 0 5 . 0 0
6 . 0 0 6 . 0 0 8.00
1 ,00 1 ,00 1 . 0 0
o b s e r v a t i o n MATRIX CLINIC
B00O48 BDO049 BE0050
CONST 1 .00 1 .00 1 .00
ace 20. 00 23.00 27.00
h a e m 120.00 117.00 119.00
sy st 119.00 157.00 125.00
DlAST 66. 00 79 .00 82.00
pP 53.00 78.00 43.00
h r l a b 68. 00 75.00 62. OO
as tr 156.00 128.00 103.00
vog 2.40 3.70 6.10
HRMIN 65.00 58. 00 43.00
h r m a x 203.00 192.00 172.00
CAP 31.20 32.70 40. 00
VC 5.01 4.8 7 5.10
fEV1 4.52 4.10 4.10
MEF 6,75 6.75 9.07
ht 166.00 175.50 176.00
WT 67.50 76.70 61 .90
ARM 34.00 35.10 27.30
calf 36.00 37.40 34.30
TRIG 9.30 8. 30 3.90
sCAp ■8.20 11 . OO 5.60
sUppA 4.80 5.30 3.60
HUM 6,00 6.5 0 6.90
FEMUR 8.20 9.5 0 9.20
f Ndo 2.50 2,75 1 . 00
m e s o 4.75 6.50 3. 50
EC TO 1.75 2.50 4.75
K N E E 73,00 60. 00 55.00
H I P 60.00 56.00 32.00
TRUNK 45. 00 51 . 00 67,00
S M 60. 00 70..00 41 .00
ak 108.00 130.00 115.00
F l B O W 32.00 42.00 30.00
f l b e x 40.00 30. 00 19.00
G R I p R 51 .80 56.90 51 .00
G R I P L 50.00 56.70 53.00
v E R T J 57,00 50.50 45.0O
SBJ 246.50 208.50 174.00
pFA 2.00 1 ,00 3,00
P F B 4.00 6.O0 6.00
p F C 1 .00 3.00 5.00
pFE 2.00 1 .00 4.00
p F F 6,00 3.00 3.00
p f g 3,00 2.00 7.00
p F H 10.00 1 . 0 0 4.00
p F  ! 3.00 7. 00 5.00
p F L 6.00 8.0O 2.00
p f m 6. 00 5.O0 5.00
p F N 6.00 2. 00 5.00
p F O 8.00 10.00 5,00
p F Q 1 3,00 7. 00 6.00
P FQ2 6.00 7.00 8, 00
PFQ3 4.00 7.00 7.00
P FQ4 6. 00 7.00 4.00
SEX 1.00 1 . 0 0 1 .00
BF0O51 BF0052 BF0O53 BFf
1 ,00 1 .00 1 .00 1
16. 00 18.00 15.00 1<
110.00 102.00 93.50 10?
132,00 135,00 129,00 1 Vi
68.00 65.00 65,00 5*
64.00 70.00 64,00 71
70.00 66.00 58.00 5*
140,00 150.00 140,00 13!
2.90 2.50 2.95 : ^
63.00 50.00 49, 00 5(
1 8 1 , 0 0 198,00 182.O0 Z0(
28,70 39.60 37.10 3!
5.51 4,60 5.70 k
4.27 4.18 5.26 <
10.50 9,75 10.10 V
176.00 170.00 ■182.50 1 8i
69.10 68.00 7 0.20 7*
31.30 51 .20 28,70 3(
38,00 36,50 35.70 3 !
5,60 6,50 7.30 *
6,80 7.70 8,20 (
5.20 5,40 4,70 i
6.10 5,90 6,70 <
9.10 8.70 9,80 <
1,75 2. 00 2.2 5 *
3.75 2. 25 2.25 *
3.00 2.75 4.O0 <
52,00 54,00 66.00 7 ;
40. 00 50.00 48. CO ' S i
28, 00 5 9 . 00 25.00 4<
34,00 30,00 50. 00 4i
69,00 96.00 100,00 81
32.00 38,00 23.00 ■ 3 i
24.00 20.00 21 , 00 1:
51 .50 47.50 48.00 ■4-
48,00 46. 50 48,00 4'
41 ,50 41 ,00 49,50 5!
204,50 201.50 211,00 Z V
5.00 7.00 7.00 I
8.00 8.00 9,00 1
6.00 7.00 3.00
6,00 8.00 6,00 1
5.00 8.00 4,00
6.00 6.00 4.00
9.00 6.00 4.00 1
5. 00 6.00 8, 00
6,00 5.00 7.O0
8.00 3.00 8, DO
4,00 7.00 2.00
4,00 4,00 9.00
6.00 10.00 5.00
5,00 4.00 9.00
5.00 7.00 3,00 1
5.00 2.00 7.00
1.00 ‘1 . 00 1 .00
OBSERVATION MATRIX CLINIC
BF00S7 BF0058 BFO0S9
c o n s t 1 .00 1 . 00 1 .00
aQE 17.00 18.00 18.00
hAEm 97.50 1 1 6 , 0 0 105,00
s YST 129.00 118.00 98.00
51 AST 70.00 68. 00 38.00
p P 59.00 50.00 60.00
HRLAB 78.00 60. 00 55.00
a STr 140.00 138.00 1^2,00
M 02 2.15 3.00 3.00
h RMIN 48.00 72. 00 54.00
h RMAX 192.00 190.00 173.00
CAF 40.00 26. 40 32.00
VC 4.42 5. 43 4.74
fEV1 3.93 5.02 3,57
m EF 7,00 8.90 7.25
ht 164.00 176.00 170.00
WT 53.90 70.30 57.O0
ARM 26.70 31 .00 27,50
calf 33.30 38 . 40 33.40
TRIC 6.50 6.50 6.10
sCAp 6.30 8.40 7.20
s Up r A 5.60 4,80 6.80
HUM 6.10 6.50 5,70
FEMUR 8.40 9.10 8.90
f nd o 2.00 . 2.00 2.25
m e s q 1.00 4. ?5 1 .00
ECTO 3.75 3.25 4.25
knee 47.00 47. OO 43,00
HIP 36. 00 37. 00 31.00
t r u n k 40.00 54. OO 16.00
b H 39.00 52.00 30. 00
ak 46,00 105.00 82. 00
e l b o w 24.00 32.00 24, 00
e l b e x 16.00 28, 00 22.00
GRIpR 44.50 57.00 49.00
G RI p I 43.00 59.50 43.50
v e r t j 48.00 53.00 39.50
SBJ 207.50 177.50 200.50
pFA 8.00 5.00 5.00
p FB 5,00 7.00 8.00
p FC 3.00 ■5.00 6.00
p FE 3.00 5.00 6.00
p FF 2.00 4.00 5.00
pFG 6.00 7.00 ... 1 . 00
pFH 3,00 6. 00 3.00
p F I 9.00 4.00 6.00
p FL 4.00 4.00 6.00
PFM 7.00 5.00 5.00
PFN 3.00 6.00 3.00
pFO 5.00 5,00 7.00
P F01 8.00 5.00 6,00
P FQ2 7.00 5,00 9. 00
PFQ3 5.00 7.00 4. 00
P FQ4 5.00 5. 00 6.00
S EX 1 .00 1 . OO 1 .00
8 F 0060 R F 0061 BF0062 BF
1 .00 1 .00 1 .00
24, 00 17.00 17.00 1
105.00 116.00 114.00 10
146.00 153.00 139,00 16
68,00 64,00 60.00 5
78.00 89.00 79.00 10
83,00 66. 00 72.00 7
158.00 146.00 148.00 17
2,75 2.9 0 2,95
46, 00 53. 00 70.00 4
192,00 184.O0 192,00 19
41 .70 34.70 27,40 4
5.92 5.93 5.98
5.16 5,30 4,62
15.00 14.30 13.50 ■
182,50 176.00 177.50 17
82, 30 74.40 76.50 6
31 ,70 34.20 32,00 3
37.80 38, 00 40.50 3
10, 50 7,00 7.20
12.50 9,90 10,00
8.30 6.00 5,60
6, 40 6,20 6,80
9.70 8,90 9.20
3,25 2, 50 2.50
5.25 5.25 5,75
2.75 2.50 2.50
57,00 62.00 60.00 8
41 . O0 54.00 52,00 6
54, OO 46.00 44,00 6
60, 00 60. 00 83, 00 5
115,00 110,00 102,00 10
36. 00 33.00 22.00 3
38,00 24.00 18.00 2
63, OO 62,00 56.00 5
56.50 52.00 51 .50 4
44,50 57,00 53,00 5
187,50 232.00 237.00 22
6.00 6, 00 4.00
5,00 6.00 9,00
8.00 5,00 4,00
9.00 7.00 10,00
8.00 4,0O 5,00
2.00 3.00 5.00
9.00 9,00 6, 00
5.00 6,00 3,00
9.00 4,00 8,00
5.O0 5,00 5,00
6.00 5.00 3.00
7.00 7.00 5.00
3.00 6,00 9.00
6, 00 7,00 5,00
7,00 4.00 5.00
8.00 8.00 6.00
1.00 1 .00 1 ,00
B F 0 Q 6 6
O B S E R V A T I O N
B F 0 0 6 7
M A T R I X  C L I N I C  
B F O 0 6 S B F  0 0 6 9 8 F 0 0 7 0 B F O 0 7 1 B F
c o n s t 1  . 0 0 1  . O O 1  . 0 0 1  . 0 0 1  . 0 0 1  . 0 0
age • 2 3 . 0 0 2 0 . 0 0 2 4 . 0 0 1 9 . 0 0 2 1  . 0 0 2 3 , 0 0 I
hAem 8 6 .  0 0 1 1 2 . 0 0 1 1 7 , 0 0 1 2 1 . 0 0 1 1 5 . 0 0 1 0 8 . 0 0 1 1
sYst 1 3 0 . 0 0 1 3 0 . 0 0 1 2 6 . 0 0 1 1 0 , 0 0 1 7 0 , 0 0 1 2 2 . 0 0 \ l
D I  A S T 5 8 , 0 0 5 7 . 0 0 6 9 . 0 0 7 0 , 0 0 7 0 , 0 0 6 3 . 0 0 t
pP 7 2 . 0 0 7 3 . 0 0 5 7 . 0 0 4 0 . 0 0 1 0 0 . 0 0 5 9 . 0 0 1IHRLAB 6 9 . 0 0 7 0 . 0 0 7 7 . 0 0 5 4 ,  0 0 6 5 . 0 0 6 4 . 0 0
A S T R 1 5 7 . 0 0 1 3 9 , 0 0 1 5 9 . 0 0 1 5 7 , 0 0 1 6 4 . 0 0 1 4 6 . 0 0 1  -
sfO?r 3 . 2 0 3 . 6 0 3 . 0 5 2 , 9 0 2 . 7 0 3 . 1 5
H  R  M I N 6 2 .  0 0 4 8 . 0 0 6 8 . 0 0 4 6 . O 0 5 0 . 0 0 4 8 .  0 0 1
h r m a x 1 8 3 . 0 0 1 8 2 . 0 0 1 8 5 . O O 1 3 7 . 0 0 1 9 1 , 0 0 1 8 2 , 0 0 1 *
oaf 2 9 . 5 0 3 7 . 9 0 2 7 . 2 0 4 0 , 7 0 3 8 , 2 0 3 7 . 9 0
#t
V  c 6 . 5 4 5 . 1 8 4 , 7 4 4 , 6 6 5 , 3 6 4 , 8 0
f EV1 4 , 6 4 4 . 5 0 4 . 2 0 3 , 9 1 4 . 8 7 3 , 9 6
M E F 8 . 5 0 5 . 9 0 1 0 . 0 0 8 . 0 0 5 .  4 0 1 1  . 0 0
1 1ht 1 9 0 . 0 0 1 8 2 . 5 0 1 6 9 . 0 0 1 8 2 , 0 0 1 8 0 . 5 0 1 7 1 , 0 0
UT 7 4 . 4 0 6 9  .  2 0 7 3 . 5 0 6 7 . 7 0 6 8 ,  5 0 6 5 , 0 0 (
A R M 3 1  . 0 0 3 1  .  2 0 3 3 . 0 0 2 8 , 0 0 3 1  . 0 0 3 2 , 3 0 <
calf 3 4 . 3 0 3 5 . 6 0 3 9 . 9 0 3 5 , 3 0 3 5 .  5 0 3 7 . 5 0
t ric 5 .  4 0 8 . 1 0 1 5 . 0 0 8 . 2 0 6 , 6 0 6 ,  4 0
s CAP 8 . 1 0 8 . 2 0 1 4 . 2 0 8 , 0 0 8 . 1 0 1 0 , 7 0
S U P R A 4 .  3 0 5 . 6 0 7 . 1 0 5 . 0 0 6 . 6 0 6 , 6 0
hum 7 . 1 0 7 . 3 0 6 . 8 0 6 , 8 5 7 , 2 0 6 , 9 0
f e m u r 9 . 4 0 1 0 . 1 0 1 0 . 0 0 1 0 . 0 0 9 , 5 0 9 , 6 0
p n d o 2 .  0 0 2 . 5 0 3 . 5 0 2 . 5 0 2 .  5 0 2 , 5 0
m e s o 2 . 7 5 4 . 0 0 6 . 0 0 3 . 2 5 4 . 0 0 ■ 5 .  7 5 -
e c t q 5 . 0 0 4 . 5 0 2 . 0 0 4 . 5 0 4 . 2 5 3 . 2 5
k N E E 6 7 .  0 0 8 0 ,  0 0 9 1 . 0 0 5 4 ,  0 0 6 2 ,  O O 6 8 ,  0 0 i
H i p 4 4 . 0 0 4 4 .  0 0 5 8 .  0 0 4 8 .  0 0 4 1  . 0 0 4 4 .  0 0 (
t r u n k 6 7 . 0 0 6 8 . 0 0 8 0 .  0 0 7 4 , 0 0 4 4 .  0 0 7 0 ,  0 0 i
SH 3 7 . 0 0 3 6 . 0 0 6 8 . 0 0 4 0 .  0 0 5 0 .  0 0 4 8 ,  0 0 i
rA K 1 2 5 . 0 0 1 1 5 . 0 0 1 0 4 . 0 0 9 4 . 0 0 7 0 . 0 0 1 1 5 . 0 0
e l b o w 3 6 . 0 0 3 1  . 0 0 5 0 . 0 0 3 6 . 0 0 3 5 . 0 0 3 4 , 0 0 i
f. l b e x 3 2 . 0 0 1 9 . 0 0 2 6 . 0 0 1 8 , 0 0 2 4 . 0 0 2 6 . 0 0 (
G R I p R 5 8 ,  0 0 5 4 .  0 0 5 2 . 0 0 4 5 , 0 0 5 5 . 0 0 4 2 . 0 0
i
G  RI  P  L 5 2 . 0 0 4 7 . 0 0 4 6 . 0 0 4 2 , 0 0 5 4 , 0 0 39 .  0 0
VERTJ 6 0  .  0 0 4 6 .  0 0 5 1 . 0 0 4 7 . 0 0 4 3 . 0 0 5 1  . 0 0 Z{S B J 2 4 4 . 0 0 2 1 8 . 0 0 2 0 6 . 0 0 2 2 0 . 0 0 1 7 1 . 0 0 2 3 0 , 0 0
p FA 6 . 0 0 1  . 0 0 4 . 0 0 7 . 0 0 6 . 0 0 7 . 0 0
p FB 7 . 0 0 5 . 0 0 5 . 0 0 5 . 0 0 4 . 0 0 7 . 0 0
p FC 6 . 0 0 3 . 0 0 7 . 0 0 5 . 0 0 2 . 0 0 3 , 0 0
p FS 1 0 . 0 0 6 . 0 0 9 . 0 0 7 . 0 0 5 . 0 0 4 . 0 0
p FF 6 , 0 0 4 . 0 0 6 . 0 0 6 , 0 0 7 . 0 0 3 , 0 0
pFG 4 . 0 0 5 . 0 0 6 . 0 0 6 . 0 0 6 . 0 0 7 . 0 0
"p'FH 8 . 0 0 3 . 0 0 8 . 0 0 4 . 0 0 5 . 0 0 2 , 0 0
P F  1 8 . 0 0 4 . 0 0 6 . 0 0 6 . 0 0 5 , 0 0 3 . 0 0
P F L 7 . 0 0 8 . 0 0 5 . 0 0 5 . 0 0 4 . 0 0 5 . 0 0
P F M 3 . 0 0 4 .  0 0 7 . 0 0 5 . 0 0 5 . 0 0 4 . 0 0
PFN 3 . 0 0 5 .  0 0 6 . 0 0 8 . 0 0 6 . 0 0 3 ,  0 0
P F O 7 . 0 0 8 , 0 0 4 . 0 0 4 , 0 0 4 . 0 0 1 0 . 0 0
P F Q 1 6 . 0 0 9 .  0 0 7 .  0 0 8 . 0 0 7 . 0 0 6 , 0 0
P  F Q 2 8 . 0 0 6 . 0 0 6 . 0 0 5 , 0 0 5 . 0 0 3 , 0 0
PFQ3 6 , 0 0 5 . 0 0 7 , 0 0 9 , 0 0 4 , 0 0 6 . 0 0
P F Q 4 5 . 0 0 9 . 0 0 5 , 0 0 4 . 0 0 5 . 0 0 9 . 0 0
S E X 1  . 0 0 1  ,  0 0 1  . 0 0 1  . 0 0 1  . 0 0 1 . 0 0
OBSERVATION MATRIX CLINIC
BF0075 B F 0 0 7 6 BF0077
CONST 1 .00 1 .00 1.00
age 15.60 15.10 17.70
hAEM 116.00 121.00 117.00
sYst 137.00 129,00 131.00
Ol AST 61.00 33.00 81. 00
pP 76.00 76.00 50,00
HRLAB 82. 00 91.00 73.00
ASTR 139.00 132.00 144,00
v02 2.87 2.25 2.91
h r m i n 64. 00 58.00 56.00
h r m a x 178.00 199.00 195.00
CAP 27.30 34. 40 34.80
VC 5.02 4.8 9 4. 4 4
FCV1 4.10 4.22 4.12
mef 6.55 5.90 9.95
ht 173.30 169.50 166.50
wT 60.80 55.70 65.00
arm 27.10 27.00 31 .00
c alf 35.20 33.20 36.50
t r i g 8.20 6.00 9.90
sCAP 7.15 6.60 8,20
SUPRA 7.60 4.50 3.90
HUM 6.60 7.40 7.05
fEMUR 9.60 9.67 9.70
e nd o 2. 50 1 .75 2, 50
m e s o 2.25 4. 25 4,75
Eero 4.00 4.50 1 .75
k nbe 40.00 40. 00 62, 00
Hip 51 .00 30. 00 49.O0
t r u n k 37.50 31 .20 44.00
SH 36. 00 34. 00 43.50
AK 115.00 96.00 110.00
ELBOW 22,00 23. 00 30. OO
e LSEX 14.50 22.50 13.00
g R'I PR 47.50 52,30 55.00
GRIP l 39,60 44. 50 46.40
v e r t j 55.80 43.30 47.00
SBJ ■257. 50 226.80 221.00
PFA 8.00 2.00 5,00
pFB 7.00 8.00 5.00
PFC 3.00 6.00 5.00
pFE 9.00 5.O0 6.00
PFF 7.00 3.00 3.00
pFG 2.00 7.0 0 3.00
p FN 8.00 3.00 5.00
p FI 10.00 5.00 6.O0
pF L 7.00 6.00 9.00
pFM 6.00 5. OO 8.00
PFN 1 .00 5.00 6.00
pFO 5.00 6.00 5.00
pFQ1 6.00 6.00 6.O0
P  FQ2 3,00 6.00 9. 00
pFQ3 3,00 5.00 7. OO
p FQ4 7.00 6. 00 5.00
SEX 1 .00 1 . 00 1 .00
B F 0 0 7 8 C D 0 O 7 9 C D 0 0 8 O e
1  . 0 0 1 . 0 0 1  , 0 0
1 6 . 2 0 3 4 , 0 0  > 2 3 . 0 0
1 1 9 , 0 0 1 0 5 , 0 0 1 1 2 . 0 0 1
1 1 4 , 0 0 1 3 6 . 0 0 1 4 9 . 0 0 1
6 1  . 0 0 8 1 . O 0 7 5 , 0 0
5 3 . 0 0 5 5 . 0 0 7 4 , 0 0
7 1 . 0 0 6 8 , 0 0 5 1 , 0 0 I
0 6 , 0 0 1 5 0 , 0 0 160.00 1
2 * 4 2 3 , 4 3 2 . 6 6
4 3 , 0 0 5 5 , 0 0 5 2 , 0 0 I
1 9 0 . 0 0 1 9 2 , 0 0 1 9 2 , 0 0 1 <
4 4 , 2 0 3 4 , 8 0 3 6 . 8 0
4 , 6 9 4 . 7 2 4 .  21
4 , 2 0 3 . 6 1 3 , 8 8
5 , 9 5 6 . 3 0 8 . 0 0
1 7 6 , 8 0 1 7 1 . 3 0 1 6 3 . 3 0 1 !
6 2 , 1 2 7 5 . 1 5 6 4 . 3 0 . t
2 9 , 4 0 3 3 , 7 0 3 2 , 0 0
3 4 , 8 0 3 8 . 4 0 3 6 , 2 0
9 . 8 0 6 . 2 0 1 0 . 1 0 *
6 . 7 0 1 2 . 1 0 1 1  . 4 0
4 . 5 0 7 . 2 0 7 . 0 0
7 . 2 3 6 , 7 0 5 , 9 0
9 , 8 6 9 . 2 0 8 . 5 0
2 , 5 0 2 ,  0 0 3 . 0 O
5 . 7 5 6 . 0 0 4 . O 0
4 , 5 0 3 . 0 0 2 . 0 0
6 3 . 0 0 4 4 .  0 0 5 0 , 0 0 I
5 3 . 0 0 4 6 .  0 0 4 8 .  0 0 7
4 2 , 0 0 2 2 . 0 0 4 7 . 0 0 1
5 0 ,  0 0 5 0 . 0 0 3 9 , 0 0 7
1 0 6 . 0 0 5 4 . 0 0 6 4 .  0 0 6
2 8 , 0 0 4 2 . 0 0 2 1 . 0 0 1
1 4 , 0 0 2 2 , 0 0 2 4 . 0 0 2
4 8 . 6 0 5 4 . 5 0 4 9 . 0 0 3
4 4 . 1 0 5 2 , 5 0 5 2 . 0 0 2
5 1 . 0 0 4 5 . 5 0 5 0 . 5 0 4
2 2 3 . 5 0 2 0 7 . 0 0 2 1 0 . 0 0 1 9
4 , 0 0 6 , 0 0 6 , 0 0
9 . 0 0 7 . 0 0 7 , 0 0
4 . 0 0 9 . 0 0 6 . 0 0
2 , 0 0 7 , 0 0 3 . 0 0
1 , 0 0 5 , 0 0 6 . 0 0
5 . 0 0 6 . 0 0 3 , 0 0
1  . 0 0 7 . 0 0 4 ,  0 0
5 . 0 0 5 . 0 0 6 . 0 0
5 . 0 0 6 . 0 0 8 , 0 0
5 . 0 0 1 0 , 0 0 6 . 0 0
6 . 0 0 3 , 0 0 4, 0 0
8 . 0 0 6 . 0 0 3 , 0 0
4 . 0 0 6 , 0 0 4 , 0 0
1 0 . 0 0 5 , 0 0 7 . 0 0
5 . 0 0 7 . 0 0 2 ,  0 0
6 , 0 0 8 , 0 0 6 . 0 0
1 . O O 1 , 0 0 1 . 0 0
o b s e r v a t i o n m a t r i x  c l i n i c
CD0084 CD0085 CDO086 C 00087 CD0O88 C00089 Cl
CONST 1 .00 1.00 1 ,00 1 ,00 1 .00 1 .00
age 22.00 22.00 22.00 22,00 26.00 21 .00
h a e m 115.00 110.00 115.00 118,00 101.00 112,00 V
sYST 131.00 136.00 150.00 157,00 117.00 139,00 ■1*
d i a s t 62.00 64. 00 79,00 84.00 78.0O 67,00 S
pp 69.00 72.00 71.00 72,00 39,00 72,00 i
HRLAB 62. 00 48.00 71.00 8 0 , 0 0 53.00 66,00 (
a st r 155.00 160.00 140.00 1 8 0 , 0 0 170.00 160,00 M
V/Og 2.92 2.61 3 . 24 1,98 3.20 2.61
h r m i n 60. 00 56.00 54.00 58,00 45.00 48,00 i
m k m a x 184.00 189.00 202.00 199,00 189,00 193.00 ii
CAP 30.70 35.O0 37.40 34.20 4*2,00 40,30 • *
VC 4.45 ■4.32 5.24 3,97 5 , 49 4, 06
f EVi 3.94 3,61 4.37 3.54 4,25 3.23
m EF 8. 00 6. 55 9. 73 8,10 8.50 6,40
ht 170.00 165.00 171.50 162,00 183.30 171.00 11
w T 67.70 63.50 62.30 53.60 86,30 63.50 <
arm 32.50 33.30 32,20 30.30 37.00 31 .00
c alf 34.60 33.00 33.80 32,80 38.80 34,30 *
t r i c 8.80 6,00 6.40 5.20 8,10 5.10
s c a p 6.80 7.00 8.70 9,00 13,40 7.70
s Up r A 4.40 5.80 5.10 5,00 6 . 00 5.60
HUM 6. 40 6. 00 6.00 5.70 7,10 6.10
f e m u r 8.80 8.80 8,60 8.00 9.80 8,15
f n d o 2.00 2. 00 2,00 2,00 3.O0 2.00
m e s o 3.00 5.00 2. 00 2,00 6.00 2,00
ECTO 3.00 2.00 4.00 4, 00 3.00 3.00
k ne e 64. 00 64. 00 36.00 30,00 63,00 62,00 i
Hip 67.O0 42. OO 28. 00 27,00 56.00 58,00 i
T R U M K 40. 00 36. 00 27.00 32,00 22.00 37.00 ,
s H 40.00 48, OO 48,00 13.00 38.00 58.00 i
ak 100.00 108.00 79.00 34,00 79. 00 106,00 n
e l b o w 28.00 48. 00 32.00 24,00 44. OO 38,00 <
e l b e x 18.00 38. 00 18.00 18.00 41 .00 30.00
CRIPR 49.50 50.00 49.30 47.00 65.00 50,00 i
C, RI P L 47.50 43,00 44.50 38, 50 60.O0 43.50 i
VERTJ 49.00 56. 00 49.50 53.00 62.00 53,00 t
SBJ 160.00 221.OO 218.00 225,00 233.00 236.00 2 ;
PFA 2.00 5.00 9.00 6.00 6.00 6.00
PFB 7.00 4.00 4.00 4,00 7,00 6,00
p P C 7.00 1 .00 5. 00 5,00 3.00 6.00
PFE 6. 00 5.00 7.00 5,00 6,00 7.00
p F  F 5. 00 6.00 6.00 4.00 7.00 7.00
p F O 5.00 6. 00 6.00 6,00 2.00 8,00
p F H 6.00 "Z \ 00 5 . 00 5. 00 5 , 00 8.00
PFI 6. 00 5. 00 5.00 4.00 6.00 2.00
PFL 4.00 10. 00 3.00 3.00 8,00 6.00
p F M 8.00 8.00 6.00 3.00 5.00 8.00
PFN 2. 00 6. 00 3.00 8.00 2.00 6.00
p F O 4.00 9.00 7. GO 3.00 9.00 5,00
pF61 8. 00 4. 00 7.00 7.00 4.00 4.00
p F Q 2 5.00 6. 00 2.00 5,00 7.00 7,00
p F Q 3 5.00 5.00 4.00 7.00 4.00 9.00
p F < U 7,00 8.00 6,00 4,00 9.00 5.00
SEX 1 . 00 1 .00 1.00 1.00 1 .00 1 .00
O B S E R V A T I O N m a t r i x  c l i n i c
CDQ093 C 0009 4 CD0095 C00O96 CE0O97 CE0098
c o n s t 1 .00 1 .00 1 ,00 1 .00 1 .00 1 .00
A G i 20.00 21.00 18,00 23,00 19,00 19.00
h a r m 114.00 121.00 113.00 128.00 103.00 9 1  . 0 0
s Y S t 138,00 162.00 123.00 1 - 3 4 . 0 0 127.00 114,GO
Dl AST 88. 00 76,00 64. 00 76,00 79,00 79,00
p p 50.00 86.00 59.00 58.00 48.00 35,00
h r l a b 84.00 78.00 58.00 58 , OO 51 .00 50,00
a STr 155.00 170.00 150,00 1 8 o , 0 0 135.00 123,00
V02 2.89 ■2 . 36 2.45 2.95 2.50 2.80
h R M I N 61 , 00 48. 00 58. 00 48, 00 40,00 41, 00
h r m a x 196.00 190.00 202.00 193.00 168.00 169,00
o a f 32.10 39.60 34.80 40.20 41 .80 41,80
v C 4. 76 4.89 3.97 3,23 3.97 3.95
FEV1 4.14 4.37 3.65 4,49 3,59 '3,42
mef 11 .00 ■ 9 . 2 5 5.1 2 15,00 5,25 7.10
h t 172.00 166.30 160.00 174.70 169.00 166,00
W T 67.70 63.10 52.50 8 0 , 0 0 56.30 54.20
A R M 31 .50 30.50 28.60 35.80 24.10 22,90
CALF 36.00 33.50 31 .30 40,80 33.30 33,00
TRIC 7.30 6.30 5.70 6,00 12,20 12.80
sCAp 8.40 9.40 8.60 13.40 13,60 12.40
sUPr A 6.10 6.00 5.50 7,80 7.30 7.00
H U M 6.20 6.10 5.60 6,50 5,90 5.90
FEMUR 8.70 8,70 8.10 9,10 8.90 8.70
f n d o 3.00 3.00 2,00 3.00 3,50 3.50
MESO 3. 00 3.00 2.00 7,00 2, 00 2.25
ECTO 3.00 1 . 00 3.00 2.00 4.00 4.00
K N E E 64.00 48. 00 50.00 59.00 42.00 24. 00
HIP 48.00 44. 00 18.00 54.00 34.00 32.00
t r u n k 30.00 41 .00 24. 00 24. 00 36.00 32.00
SH 43.00 3 3 . 0 0 50.00 54.00 27.00 20,00
ak 88.00 64.00 58. 00 106.00 66.00 74.00
E LBOW 40. 00 27,00 30.00 47.00 17.00 17.00
e l b e x 26. 00 18. 00 30.00 20, 00 10.00 10,00
GRIpR 50.50 48.50 48.50 50.00 37,00 35.00
g RI p L 4 5 . 5 0 48.50 47,50 46.50 31 .00 28.00
v e r t j 54.50 55.00 54. 00 51,00 31 ,00 31.00
r BJ 199.00 226.00 225.00 220.00 167,00 171.00
pFA 6,00 8, 00 7.00 7.00 5.00 5,00
p FB 6.00 7.00 7.00 5,00 8.00 5,00
PFC 6.00 5. 00 5.00 4,00 2.00 4.00
P F | 5.00 4. 00 7.00 5.00 7,00 5.00
p FF 5.00 4.00 2.00 4,00 5.00 5.00
p FG 5. 00 6.0 0 4.00 5,00 3.00 3.00
PFH 7.00 7.O0 6.00 3.00 3700 4,00
p FI 3.00 6. 00 6.00 6.00 3.00 5.00
pfl 1 . 00 7.00 6.00 6.00 7.00 8.00
p FM 5.00 5.00 8.00 7.00 7,00 6,00
p Fn 2.00 4,00 6.00 6.00 5.00 4,00
p FO 5.00 4.00 9.00 6.00 9.00 6.00
PFQ1 2.00 7.00 3.00 5,00 5.00 1 .00
p FQ2 4. 00 5. 00 7.00 4,00 3.00 3.00
PFQ3 5, 00 8.00 4.0O 4, 00 6.00 6,00
P FQ4 6.00 5. 00 7.00 7,00 7. 00 7.00
SEX 1.00 1 . 00 1 .00 1 .00 2.00 2.00
1 9 / 4 ? ' / 3 2
o b s e r v a t i o n
0 8 / 0 3 / 7 1 . . . . .
M A T R I X  C L I N I C
J C L  1 9 0 0  S T A J I S T I C A L a n a l y s i s
C E 0 1 0 2 C  E 0 1 0 3 C  E  0 1  0  4 C  E  0 1  0  5 C E 0 1 0 6 C E 0 1 0 7
C O N S T 1  . 0 0 1  . 0 0 1  . 0 0 1  . 0 0 1  . 0 0 1  , 0 0
a g e 1 6 . 0 0 1 8 . 0 0 1 6 . 0 0 1  7 , 0 0 2 0 .  0 0 2 4 .  0 0
h A E M 1 2 4 . 0 0 1 0 8 . 0 0 1 2 4 . 0 0 9 3 . 0 0 1 0 1 . 0 0 1 1 4 , 0 0
s y s t 1 1 9 . 0 0 1 1 9 . 0 0 1 1 9 . 0 0 1 1 1 . 0 0 1  3 6 7 0 0 1 2 3 . 0 0
n  I  A  S T 6 1  .  0 0 5 7 .  0 0 6 1 . 0 0 6 1  . 0 0 8 1  . 0 0 6 7 . 0 0
p P 5 8 . 0 0 6 2 .  0 0 5 8 . 0 0 5 0 . 0 0 5 5 . 0 0 5 6 .  0 0
h r l a b 7 2 . 0 0 5 0 . 0 0 7 2 . 0 0 6 3 .  0 0 6 7 . 0 0 6 1  .  0 0
A S T R 1 2 2 . 0 0 1 3 9 . 0 0 1 2 2 . 0 0 1 3 9 . 0 0 1 3 2 . 0 0 1 4 1 , 0 0
\ / 0 2 4 . 0 0 2 . 9  5 4 . 0 0 3 . 2 0 4 . 1 0 3 . 2 0
H R M l N 4 8 . 0 0 4 5 . 0 0 4 8 . 0 0 5 0 . 0 0 5 6 . 0 0 4 7 . 0 0
h r m a x 1 8 2 . 0 0 1 7 3 . 0 0 1 8 2 . 0 0 1  9 1 . 0 0 1 8 3 . 0 0 1 8 0 . 0 0
C A P 3 7 . 9 0 3 8 .  5 0 3 7  9  0 3 8 , 2 0 3 2 . 7 0 3 8 . 3 0
V C 4 . 7 9 4 .  7 6 4 . 7 9 5 . 4 0 6 . 3 1 5 . 1 8
F  E  V 1 3  . 9 5 3 . 9 3 3 . 9 5 5 . 0 6 6 . 1 0 4 , 8 5
M E  F 6  7 ? 5 6 . 2 5 6 . 2 5 9 . 0 6 6 . 7 0 7 . 7 Q
m t 1 7 4 . 0 0 1 7 3 . 0 0 1 7 4 . 0 0 1 7 9 . 0 0 1 8 6 . 0 0 1 7 6 . 0 0
U T 5 9 . 3 0 5 5 . 7 0 5 9 . 3 0 61 . 2 0 7 0 . 5 0 62,20
A R M 2 6 7 ? 0 2 4 . 8 0 2 6 . 7 0 2 8 , 3 0 2 7 . 9 0  : 2 6 . 7 0
c a l f " 3 3 . 7 0 3 3 .  0 0 3 3 . 7 0 3 4 . 8 0 3 5  6 0 3 4 , 3 0
t r i c 6 . 1 0 4 . 8 0 6 . 1 0 5 .  4 0 5  . 9 0 3 . 5 0
S  C  A  p 7  . 0 0 6 . 6 0 7 . 0 0 6 . 0 0 6 .  5 0 5 , 6 0
s U p R A 4 . 8 0 6 .  2 0 4 . 8 0 4 . 3 0 5 . 3 0 3 . 5 0
M U M 7 . 1 0 6 . 1 0 7 , 1 0 6 . 9 0 7 . 0 0 6 , 6 0
f e m u r 9 . 6 0 9 . 2 0 9 . 6 0 9 . 7 0 9 . 8 0 9 . 6 0
p N D o 2 . 0 0 7 -  2 . 0 0 :  2 . 0 0 1  . 5 0 2 . 0 0 1  , 0 0
M E S O 4 .  0 0 2 . 2 5 4 . 0 0 4 . 0 0 2 . 7 5 3 . 5 0
e C t o 4 .  5 0 5 . 0 0 4 . 5 0 5 , 5 0 5 . 0 0 4 . 5 0
k n e e 4 7 . 0 0 3 7 .  0  0 4 7 . 0 0 4 7 . 0 0 5 2 . 0 0 6 3 , 0 0
H I P 4 2 . 0 0 4 6 . 0 0 4 2 . 0 0 4 3 . 0 0 6 0 . 0 0 5 8 . 0 0
t r u n k 5 2 . 0 0 5 2 . 0 0 5 2 . 0 0 6 8 .  0 0 5 5 . 0 0 5 8 . 0 0
S H 3 2 . 0 0 2 3 / 0 0 3 2 . 0 0 3 2 .  0 0 .  3 9 . 0 0 4 7 . 0 0
A K 1 0 6 . 0 0 9 7 . 0  0 1 0 6 . 0 0 9 0 . 0 0 9 1  . 0 0 1 2 0 . 0 0
e l b o w 2 9 . 0 0 2 8 . 0 0 2 9 . 0 0 3 2 , 0 0 3 0 . 0 0 3 5 , 0 0
e L b e x 2 1 . 0 0 1 4 . 0 0 2 1  . 0 0 1 8 . 0 0 1 1  . 0 0 2 9 / 0 0
G R I p R 4 4 . 0 0 4 4  0  0 4 4 .  0 0 5 1  . 0 0 5 8 . 0 0 4 9 .  0 0
6  R 1  P L 4 0 . 0 0 4 0 . 0 0 4 0 . 0 0 4 0 . 0 0 5 3 / 0 0 4 6 . 0 0
v e r t j 5 0 ,  0  0 -  7 - 7 4 6  .  0 0 5 0 . 0 0 5 9 . 0 0 5 3 . 0 0 4 9  , 0 0
r b j 2 1 2 . 0 0 1 9 1 . 0 0 2 1 2 . 0 0 2 3 1 , 0 0 2 3 8 . 0 0 2 0 0 / 0 0
p F  A 6 . 0 0 6 . 0 0 6 . 0 0 6 . 0 0 9 . 0 0 6 . 0 0
P F B 6 . 0 0 8 .  0 0 6 .  0 0 9 . 0 0 9 . 0 0 7 . 0 0
P F C 5 . 0 0 4 . 0 0 5 . 0 0 6 . 0 0 4 . 0 0 6 . 0 0
_ P _ F  E 7 . 0 0 _ _ _ _ 8 . 0 0 7 . 0 0 6 . 0 0 5 . 0 0 6 . 0 0
P F F 7 . 0 0 7 . 0 0 7 . 0 0 8 . 0 0 7 . 0 0 4 . 0 0
P F C i 5 . 0 0 4 . 0 0 5 . 0 0 2 . 0 0 6 . 0 0 6 . 0 0
P F H 9 . 0  0 5 .  0 0 9 . 0 0 8 .  0 0 5 . 0 0 5 .  0 0
p F  I 8 . 0 0 7 . 0 0 8 . 0 0 7 . 0 0 8 .  0 0 6 , 0 0
P F L 7 . 0 0 7 . 0 0 7 . 0 0 8 . 0 0 5 . 0 0 1  . 0 0
P  F M 8 . 0 0 7 . 0 0 8 . 0 0 9 . 0 0 8 . 0 0 6 , 0 0
P F N 7 , 0 0 7 .  0 0 7 . 0 0 1  . 0 0 5 . 0 0 4 . 0 0
p F O 6 . 0 0 8 .  0  0 6 . 0 0 5 .  0 0 6 , 0 0 5 , 0 0
p F Q 1 6 . 0 0 9 . 0  0 6 .  0 0 7 . 0 0 8 . 0 0 6 . 0 0
p F Q 2 4 . 0 0 5 . 0 0 4 . 0 0 3 . 0 0 6 . 0 0 7 . 0 0
P  F  Q  3 5 . 0 0 2 . 0  0 5 . 0 0 4 . 0 0 4 . 0 0 8 , 0 0
P F Q 4 8 . 0 0 6 . 0 0 8 . 0 0 6 . 0 0 6 . 0 0 3 . 0 0
S E X 1 . 0 0 1 . 0 0 1  . 0 0 1  . 0 0 1  . 0 0 1  . 0 0
o b s e r v a t i o n m a t r i x  c l i n i c
CE0111 CE0112 C E 011 3 CE0114
c o n s t 1 .00 1 .00 1 .00 1 ,00
aOe 23.00 26. 00 23.00 25.00
hAeh 81 .00 105.00 106.00 108.00
sYST 129,00 127.00 127.00 145.00
DlAST 72.00 74. 00 76.00 84.00
P P 57.00 53.00 61 .00 61 ,00
h r l a b 48,00 52.00 60 . 00 62,00
a S T r 120.00 111.00 120.00 110.00
3.60 5.00 4.10 5.20
H R M I N 46. 00 52.00 48.00 42,00
h r m a x 176.00 182.00 183.00 192,00
cap 38,20 35.00 38.20 45.70
V c 3.29 5.70 4.71 5.17
PEV1 2.85 3.86 4.14 4.45
MEF ■5.25 4.15 7.60 10,30
hT 168.00 183.00 169.50 174,00
wT 57. 50 59. 80 58.60 68.50
a r m 26,00 29. 00 27.30 29,9 0
calf 34,50 34.50 35.00 37.60
TRIC 9.60 5.90 4. 70 5,90
sCAP 7, 60 8.90 8.80 7.60
SUPRA 7.00 4.60 4. 40 4,90
HUM 5.40 5.80 5.80 6,40
FEMUR 7.90 8. 80 6.60 9.30
h NDO 2.75 1.75 1.75 1.50
h ESO 1 . 00 1 . 00 1. 00 4,50
e Cto 2. 00 6.50 4.00 3.00
knee 26.00 32.00 54.00 52,00
H I P 20.00 30.00 31,00 42. 00
TRUNK 18.00 18. 00 32.00 4o, oo
SH 14.00 30.00 30.00 35, 00
A K 36.00 35. 00 38.00 68.00
f LBOW 16.00 38. 00 30.00 22,00
p LBEX 10.00 17. 00 16.00 13,00
g RIPR 34,00 50.00 43.50 50,00
6 RI P L 34.00 45.00 38.50 42.00
v e r t j 34.00 51 .00 46.00 45.00
rbj 185.00 220.00 212.00 1 6 6 , 0 0
p FA 4.00 3.00 9.00 7.00
pfb 7.00 5.00 4.00 6,00
PFC 6.00 4.00 4. 00 8.00
nFg 6. 00 5.00 6.00 6.00
PFF 5.00 4.00 7.00 5.00
PEG 7.00 4.00 6.00 ___ 9. 00
pFH 5. 00 4.00 5.00 6.00
PFI 5.00 8.00 3.00 10.00
PFL 5. 00 5.00 5.00 6.00
p FM 3.00 7.00 3,00 7.00
PFN 5.00 6.00 4.00 8,00
p FO 6.00 7.00 6.00 7,00
pFQ1 5.00 9.00 7.00 6.00
P FQ2 8.00 6. 00 4.00 5.00
PFQ3 5. 00 7.00 4.00 5.00
P F Q 4 6.00 3.00 3.00 5.00
SEX 2.00 1 . 00 1 .00 1.00
m a t r i x  c l i n i c
m e a n  M I N I M U M  V A L U E  M A X I M U M  V A L U E  S T A N D A R D
c o n s t 1 .00
age 21 ,27 15.00 38,00 4.36
h AEM 110,70 81 .00 131,50 10.05
sYST 133,18 98.00 170.00 13.63
DlAST 69,85 38. 00 99,00 9.68
PP 63, 41 34.00 102.00 13.12
HRLAB 66, 07 40.00 9 7 . 0 0 12.04
ASTR 154,20 97.00 202.00 22.46
v Q2 3,01 1.60 6.50 0.91
h RMin 54.12 38.00 7 4,00 8.12
h r m a x 188,15 165.00 2 0 8 , 0 0 9.28
CAF 35, 44 25.80 48.20 4.93
VC 4,94 3. 23 6,63 0,80
FEV1 4,23 2.65 6.10 0 . 69
m E F 8,41 4.15 17,00 2.61
h T 174,17 153.50 195.00 7.80
WT 67*8 5 46.50 109,00 10.31
ARM 30,12 22.90 39.10 3.24
ca l f 35,95 30.50 4 3 . 0 0 2.36
TRIC 8, 88 3.50 23,40 3.71
SCAP 9,26 5.60 20,00 2.55
SUPRA 7, 07 3.50 28,00 3,37
HUM 6* 22 4.80 7, 50 0.61
fEMUR 8,93 7.30 10.10 0.65
e n d o 2,58 1 .00 5,50 0.75
m E S O 3,15 1 . 00 7.00 1 .74
ECTO 3,41 1 .00 6,50 1 .08
knee 54,45 18.00 98.00 17.66
Hip 45,95 14.00 80,00 13.60
TRUNK 43.70 14.00 115.00 16.22
SH 40,67 11 .00 83,00 14,05
ak 87.73 32.00 135,00 25.57
PL80W 28,53 5.00 50,00 10.04
f l b e x 19*04 1 .00 44.00 9.66
f i R l p R 69.20 29.20 69,50 8.52
g RIPL 65.36 26.50 69,50 9.04
VERTJ 49,33 30.00 66,00 6.82
SBJ 213,14 160.00 257,50 20.35
PFA 5,58 1 .00 9,00 1 .92
PFB 6,76 1 .00 10,00 1 .96
PFC 5,01 1 . 00 10.00 1 .74
PFE 5,80 1 . 00 10,00 2,00
p F F ■5.32 1 .00 10.00 1.82
,PFG _ . .4.87 . '..... . ..1 .00 .10,00 ___ ___ 1,91
pFH 5,37 1.00 10,00 2.17
p FI 5.86 1.00 10,00 1 .95
PFL 5.65 1 .00 10.00 2.09
P FM 5.87 2.00 10,00 1 .83
PFN ■4.97 1.00 9,00 1 .89
p F O 6,10 1 . 00 10.00 2.04
PFQ1 6,22 1 .00 1 0 . 0 0 1 .90
PFO? 5.75 2 . 0 0 10,00 1.5?
d F Q 3 5,25 2.00 10,00 1 .78
PFQ4 5,71 1.00 10,00 1 .85
SEX 1.17 1 . 0 0 2,00 0.38
CROS,ClINlC
NUMBER OF OBSERVATIONS IN CROSS PRODUCT IS 112
PCOEfUf CUNJC, >x
.APPENDIX 3'
Observation matrix of data (minimum and maximum heart 
rates, and Cardiac Assessment Factor) acquired on three 
groups of subjects* These groups were those described 
in Methods 1, 2 f and 3 - on pages 153 ~ 157*
Appendix 3,* Test - retest heart rates and OAF, 
Subject* HRinin. HRmax* CAP.
N o , T e s t R e  h e s ti T e s t R e t e s t T e s t R e t e s t
j 6rT 5 4 1 9 2 1 7 9 2 9 7 0 3 3 . 1
2 6 4 5 6 1 9 9 1 9 1 3 1 * 0 3 4 * 0
3 5 9 5 6 1 8 2 1 9 2 3 0 * 8 3 4 * 3
4 5 5 5 8 1 9 9 1 9 7 3 6 * 1 3 3 * 9
5 5 0 4 7 1 8 0 1 8 3 3 6 . 0 3 9  * 0
6 6 0 6 0 1 9 8 1 8 3 3 3 . 0 3 0 . 5
7 7 7 6 2 1 8 6 1 9 0 2 4 . 1 3 0 . 6
8 4 7 4 6 1 8 2 1 7 9 3 8 . 7 3 8 * 9
9 5 8 4 5 1 9 4 189 3 3 . 4 41 * 9
1 0 4 9 5 8 1 9 7 1 9 0 4 0  • 2 32,8
11 61 5 5 1 9 7 1 9 4 32.2 3 5 7 3
1 2 5 0 5 0 2 0 2 1 8 3 4 0 . 4 3 6 . 6
1 3 6 7 5 7 1 8 5 1 9 7 2 7 . 6 3 4 . 6
1 4 41 4 2 1 9 5 1 9 1 4 7 *  5 4 5 * 5
1 5 7 4 5 6 1 8 9 1 8 4 2 5 . 5 32.8
1 6 5 4 5 6 1 9 3 1 8 9 3 5 c 7 3 3 / 7
1 7 41 3 9 1 6 6 1 7 1 4 0  5 4 4 3 ®  9
1 8 5 8 4 9 1 9 0 1 8 2 3 2 . 7 3 7 * 1
1 9 6 3 6 3 - - 1 9 3 1 8i 3 0 . 6 2 8 . 7
2 0 ' 7 4 6 2 1 9 9 2 0 0 2 6 . 3 3 2 . 2
21 51 5 9 1 9 5 1 9 2 3 8 . 2 3 2 * 6
2 2 6 7 5 2 1 9 5 1 9 5 2 9 * 1 3 7 . 4
2 3 6 0 5 2 2 0 0 - 1 9 2 .  9 3 3 . 3 3 6 „ 9
2 4 61 5 2 1 8 7 1 8 9 3 0 ,  6 3 6 * 3
2 5 5 2 5 7 2 0 0 1 8 7 3 8 * 4 32.8
2 6 7 2 5 7 1 9 9 2 0 6 2 7 . 6 2 6 . 2
2 7 6 6 4 8 1 9 0 1 8 3 2 8 . 7 ■ 3 8 . 1
2 8 5 5 4 2 2 0 5 1 9 5 3 7 . 2 4  6 * 4
2 9 6 6 5 0 1 8 7 - 1 7 1 2 8 . 3 3 4 * 2
3 0 6 2 5 2 1 9 5 1 9 1 3 1 . 4 3 6 . 7
3 1 5 3 51 1 7 9 1 8 1 3 3 * 7 3 5 * 5
3 2 6 2 5 0 2 0 0 1 9 3 2 2 , 2 ■ 38 s 6
3 3 7 0 5 7 1 9 2 1 8 2 2 7 . 4 3 U 9
3 4 6 0 5 4 1 9 0 1 8 2 3 1 * 6
-v • > r?3 3 *  i
3 5 o 9 6 0 1 9 3 2 0 1 2 7 . 9 3 3 * 5
3 6 6 5 f~5 o 1 9 8 195 : 3 0  7 4 3 4 * 8
3 7 5 5 C5 o 1 9 3 188 3 5 * 0 3 5 . 5
3 8 5 2 4 4 1 8 0 183 3 4 s  6 4 1 * 6
2 9 64. 5 8 1 9 1 .192 2 9 , 8 3 3 * 1
4 0 5 4 • 54 1 8 0 -1 G 0 | U ^ 3 3 . 3 3 3 * 7
41 5 6 4 3 2 0 2 187 3 7 * 0 4 2  5 5
4-2 4 8 49 1 9 2 -1 0 c 10 0 4 0 , 0 3 8 * 0
4 3
4 4
5 8 58 1 8 6 1 8 7 32,0
5 9 C r’' \ Q O1 )j C 1 8 4 3 3 *  5 n O P J) S. , L/
4 5 7 2 5 8 1 7 6 1 8 2 0 /, /<- ‘ r * ‘r 3 1 * 3
4 6 9 4 48 1 9 2 1 8 1 J ' j . J 3 7 . 6
4 7 5 0  . 48 . 1 9 8 1 9 2 3 4 . 1 4 0 , 0
A Q 4 0 61 49 1 9 5 1 9  3 31 *9 3 9  * 2
4 9 f) A. 5 > t 0 4 1 '3 4 48 0 s A' 3 7  Vi~r\j'j A- il 48 1 9 4 'j (S 1 ■-7 f\- *\J J •*A/ ‘ ! mJ I «■
Method
Sub j e c
53 62 42 190 186 30.6 44,3
54 65 48 191 184 29.3 :> A« j
55 42 43 185 182 44,0 42.3
56 66 54 200 187 30.3 34.7
57 54 52 181 181 33 • 5 34*8
58 79 55 185 182 23 • 4 33*1
59 59 62 196 182 33.2 29*4
60 47 4-8 192 192 40.8 40*0
61 56 49 188 172 33.5 35*2
62 58 57 190 177 32.7 31*0
63 60 54 182 181 30.3 33*5
64 55 52 184 102 33 * 4 35*0
65 48 51 194 184 40 * 4 36*0
6b 52 48 200 20T ~  384 5 42.8
67 60 51 193 198 32.2 38.8
68 46 47 195 204 42.3 42.4
69 44 39 184 190 41.8 48.8
70 48 46 190 ‘ 203 39.6 44.2
71 43 44 202 194 47,0 44.1
72 46 43 186 187 40.3 43 * 5
73 50 49 189 196 37*8 40*0
74 56 53 172 184 30*7 34.7
75 49 49 192 189 39 c 2 38. 5
76 37 36 184 190 49*7 52.7
77 47 45 191 194 40.7 43*0
78 49 45 176 189 35.8 42.0
79 45 48 186 201 41»2 41 • 8
80 37 35 175 193 47.2 55*0
81 46 41 174 181 37.8 44.2
82 42 44 178 186 42.3 42 • 3
83 58 52 194 204 33 * 5 39.2
84 48 44 182 187 37.8 42.5
85 50 46 188 199 37*6 A_ >, 2
86 53 45 192 190 36.2 42.2
87 59 50 191 180 32.3 36,0
88 45 42 191 175 42.4 41 *8
89 47 42 185 171 39*3 40*7
90 54 53 183 174- 33*8 32.8
91 58 53 192 174 33*1 32.9
92 57 60 213 198 37.3 33*0
93 60 51 ■ 203 191 33 48 37 • 4
94 60 65 201 186 38* 5 28*6
95 59 44 200 192 33*9 43 * 6
Method 1 
Subj ects 
(Cont.)
Method 2 
Sub j e et s
Method 3 
Sub j e ct s
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THE FITNESS EVALUATION OF INTERNATIONAL STANDARD SPORTSMEN
by
Vaughan Thomas, T.C., D.L.C., M.Sc. *
Fitness Screening Centres
Mass medical screening centres are now 
being established in Britain. A t this 
stage few in number, and mainly 
private in function, they provide for 
those who can pay the fees an inten­
sive and comprehensive medical screen­
ing of a mainly diagnostic nature. For 
those who can “ a ffo rd”  it, such a 
screening system has now also been 
established fo r sportsmen, a tS t. Mary's 
College of Education, Twickenham, 
near London. In this case, the entry 
qualification is not money, bu t member­
ship o f a national squad in preparation 
fo r international com petition, and there 
are a dozen such squads from a wide 
variety o f sports sending a total o f 
180 sportsmen and women to  undergo 
the lengthy battery of tests.
Fig 1 -
Assessing the effects of a special glucose 
mixture on work tolerance and other physio­
logical parameters in athletes during maximal 
exercise on a high-speed treadmill.
This athlete, as one of a group of volunteers, 
went w ithout food for 15 hours during 
athletic training, then was administered 
experimental doses of BEEC HA M 'S new  
Athletes' Glucose Drink, and subsequently 
performed prolonged m aximum exercise on 
the treadmill whilst oxygen uptake, heartrate 
ventilatory capacity, and other parameter 
were being monitored.
(Photograph by courtesy of Beecham 
Products [U K ], Brentford)
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The Difference Between Human Performance and 
Medical Screening Centres
Whereas medical screening centres, such as the Cavendish 
Biomedical Centre, seek to establish the state o f health 
of the subject, the 'Sportsmen's C lin ic' measures many 
d ifferent aspects of competitive fitness. The one organi­
sation is concerned w ith 'freedom from ', the other w ith 
'fitness to ' assessments. Complete fitness is as d ifficu lt 
a concept to define, measure and achieve as fu ll health, 
and of the many thousands of parameters which constitute 
the sum total of sporting fitness, the Sportsmen's Clinic 
measures and calculates over f if ty , subdivided into 
sections under the general headings of 
CIRCULATION, VEN TILA TIO N , ANTHROPOMETRY  
STRENGTH and PERSONALITY.
Fig. 3 — Measurement of blood pressure
Fig. 4 — Height and weight check on Ron Keeble, 
an international cyclist
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Fig. 2 — Triceps fat fold measurements using anthropometric
calipers, on Nick Lelliott, a national cycling champion.
Test Programme for Larger Groups of Sportsmen
The problem of mass screening has always been one of 
time, expertise and equipment. A whole series of tests 
on one individual may take three or four hours, need as 
many specialists in d ifferent aspects, and requires a wide 
variety of measuring apparatus. Obviously, subjects 
attending as individuals would make the whole process 
inefficient, and although such testing fo r top class 
international sportsmen has been carried out on an 
individual or small group basis before, this inherent 
inefficiency has prevented the tests from becoming 
widely available to  larger groups, or from being compre­
hensive enough to be of great help to the sportsmen. 
Pioneering laboratories at Exeter, Loughborough and 
Salford have established the feasibility of d ifferent 
aspects o f a testing program — Twickenham has combined 
these into an administratively e ffic ient complex.
Fig. 5 — Measurement of muscle mass during anthropometry, 
on Malcolm Freeman, a member of the Olympic 
cycling squad
Test Procedure
Perhaps the best way to appreciate the effectiveness of 
the scheme is to fo llow  the progress o f one sportsman 
(out o f as many as 30 to be processed in one day) through 
the testing procedure.
1 — Circulation and body typing
He arrives at the Human Performance Laboratory which 
is adjacent to a gymnasium, at 10.00 hours. A fter 
changing into sports clothes, and w hilst still in a 'resting' 
condition, blood pressure is measured, using a sphygmo­
manometer (Fig. 3). Pulse pressure and heart rate are 
ascertained. Then a small blood sample is taken fo r 
haemoglobinometry (using an M RC Wedge Photometer). 
His bonesize, fat, muscle mass, height, weight and age are 
then recorded as part o f a Parnell1 phenotyp ing— giving 
a picture of his body type. (Figs. 2, 4, 5).
■ ■ H H
Fig. 7 — Subject in erect posture
2 — Lung Volume and Power
The sportsman's next test is w ith  a spirometer, where a 
series o f maximal exhalations allow calculations of lung 
volume and power in various postures to be made (Figs. 
6 - 10). For these measures a 7.8-Litre V ita lograph ' 
wedge spirometer2' 3 is used.
This has been the sportsman's firs t taste of strenuous 
work, and the further stages of testing become even more 
so.
Fig. 6 — Intensive effort of maximal exhalation, in the 
measurement of lung volumes and ventilatory 
capacity. Subject: Nick Lellio tt, national 
cycling champion
Fig. 8 — Subject in the prone position Fig. 9 — Subject in the supine position Fig. 10 — Subject seated on a bicycle ergometer
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Fig. 11 — Measurement of shoulder abduction force, using
a cable tensiometer. Subject: Alan Sears, a member 
of the Olympic cycling squad
3 — Muscle Force
A very large, rugged table, allows him to be placed in 
various carefully controlled positions so that the precise 
muscle force he can exert at certain major jo in t angles 
can be measured. A uniquely adaptable measuring system 
using a cable tensiometer can provide 27 such measure­
ments w ith in  ten minutes o f testing (Figs. 11, 12).
These measures encompass the most usual types of 
movement made by sportsmen, and also allow special 
movements to be measured which are specific to  any 
group of subjects — such as neck extension strength for 
wrestlers. The strength section of measures is completed 
by a group of standard assessments — grip dynamometry, 
Sargent4vertical jump, and standing broad jum p5.
4 — Physiological Stress Tolerance
From the table, the sportsman's next instrument for 
assessment is a Jaeger 'Walkertest' treadmill, where an 
Astrand test^ is used to predict 02- (Fig. 13). This test 
is not, in fact, a particularly strenuous one fo r sportsmen, 
but they then progress to what is probably the most 
strenuous test of all, the Thomas Cardiac Assessment 
Factor7. In this, the sportsman has to shuttle run for 
40 metres, rest 10 seconds, run 40 metres, rest 10 seconds 
and so on, at maximum e ffo rt un til his heart rate reaches 
maximum (Fig. 14).
During these tests, the ECG is telemetered 
This maximum is then compared w ith the basal resting 
heart rate, previously recorded during normal nocturnal 
sleep, to give an assessment of the sportsman's physio­
logical stress tolerance.
Fig. 12 — Testing knee extension force on the table, using 
a cable tensiometer. Subject: R ay Ward, member 
of the Olympic cycling squad
5 — Personality Profile
During all these physical tests, subjects w ill of course 
find occasional bottlenecks developing at test stations
which are fa irly  time consuming. In fact, the total 
amount o f time any one individual consumes in waiting 
between tests m ight amount to two hours. During this 
time a Cattell's 16 P.F. (Form A) is completed by the 
subject — a psychological questionnaire involving 187 
questions? This provides a personality profile  for our 
subject, who fina lly emerges from the Human Performance 
Laboratory at about 14.30, in to a hot shower, and 
perhaps a meal.
Fig. 1 3 — Exercise on Jaeger 'W alkertesf Treadm ill, capable 
of speeds up to 40 km /h (25 miles/hour) and 
inclines up to 5 0 °; an Astrand test is used to 
predict oxygen uptake.
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Fig. 1 5 — Pre-exercise check of cardiac function, and checking 
the cardiac telemetry unit used in the exercise tests
Fig. 14 — 40-Metre Shuttle Run Test to achieve maximum heart 
^  rate (Thomas Cardiac Assessment Factor)
Choice for the Selection of Tests & Equipment
The selection of tests and equipment for such a scheme as this has to be based upon the reliability and validity of the 
recordings, and upon their ease and speed of application to the subjects. In the Sportsmen's Clinic, the only individual 
tests which are time consuming are those involved in measuring cardiac reaction in response to exercise, where the control 
lag of the heart necessitates between 3 and 5 minutes of monitoring during exercise before the necessary levels are reached.
SUMMARY
Methods and techniques are described by which hitherto unfeasible mass screening of fitness has been made available for 
the training and selection of British teams of sportsmen and women. The scheme is, as usual, underfinanced and over­
subscribed, but hopefully, this state of affairs will not deter other sportsmen's clinics from being established elsewhere.
R e f e r e n c e s :
1. PARNELL, R.W. (1958): Behaviour and Physique. E dw ard  A rn o ld , London.
2. DREW, C.D.M. and HUGHES, D.T.D. (1969): Characteristics of the Vitalograph Spirometer. Thorax, 24, 703 — 706.
3. VITALOGRAPH (1970): Technical specification of the 7.8-Litre Vitalograph Wedge Spirometer. In Press.
4. SARGENT, D.A. (1921): Physical Test of a Man. Am er.Phys. Ed. Rev., 26, 188.
5. BOOKWALTER, K.W. & C.W. (1943): A measure of motor fitness for colleges. Bull, o f  Sch. fo r  Educ., Ind iana Univ., 19, 2  March.
6. ASTRAND, P.-O. and RHYMING (1954): J. A p p l. Physiol. 7 (2), 218  -  221.
1. THOMAS, V. (1969): Sportsmen under Stress. N ew  Scientist, 42, 654, 628.
8. CATTELL, et al. (1958): Handbook fo r  IP A T  16PF, In s t fo r  Personality 8t A b i l i t y  Testing; U rbane I llin o is
25
mitaiograph
* RIOOT.M
MEDICAL INSTRUMENTATION Vol. 16, No. 4, 1970
TYPICAL RECORD OF DATA OBTAINED FROM A SPORTSMEN'S CLINIC
(6 Members of the Davis Cup Tennis Team)
Age, years 16.3 22.1 23.9 24.8 21.9 26.3
Sex, (Male, Female) M M M M M M
Height, in cm 185 176 184 185 179 184
Weight, in kilos 76.4 73.5 77.5 79.0 79.5 78.0
Upper arm, in cm 31.6 31.1 33.8 32.0 30.5 31.2
Calf, in cm 36.9 37.2 37.0 36.7 37.2 34.2
Triceps, in cm 8.6 8.7 7.4 8.2 9.3 8.0
Subscapular, in cm 8.2 8.5 9.0 8.6 9.0 8.7
Suprailiac, in cm 6.0 4.4 5.3 6.6 5.1 6.3
Humerus, in cm 6.3 6.2 6.2 6.9 55 6.0
Femur, in cm 9.5 9.6 8.5 9.4 9.2 9.2
Endomorphy, 2.50 2.50 2.25 2.25 2.75 2.25
Mesomorphy, 2.50 3.25 3.25 4.00 2.25 2.25
Ectomorphy, 3.75 2.50 3.50 2.75 2.75 3.25
Haemoglobin, % saturation 105 102 110 110 125 80
Systolic BP. mm Hg 146 143 154 137 127 137
Diastolic BP, mm Hg 73 60 65 65 66 78
Pulse Pressure, mm Hg 73 83 89 72 61 59
Resting Heart Rate/minute 66 62 66 62 56 60
Astrand Heart Rate/minute 142 150 138 130 138 147
Predicted Oxygen Uptake, l/min 3.80 2.75 4.08 4.60 4.15 3.70
Basal Heart Rate/minute 54 45 46 49 49
Shuttle Maximum Heart Rate/min. 191 200 185 172 180 195
Cardiac Assessment Factor 3.53 4.11 3.74 3.67 3.97
Vital Capacity, litre ATPS 5.70 5.35 6.02 5.67 5.68 5.92
Forced Expiratory Volume, FEV^, litre 5.12 4.13 5.23 5.52 5.00 5.33
Forced Expiratory Flow, FEF20O-1200<'/sec U S 7.10 13.5 10.2 9.90 14.5
Knee Extension 115°, kilos 62 69 48 68 68 65
Hip Flexion, kilos 58 63 44 59 55 64
Trunk Extension, kilos 40 37 40 48 36 53
Shoulder Adduction 110°, kilos 42 50 43 54 47 46
Ankle Plantar-flexion, kilos 94 110 98 108 108 108
Elbow Flexion 115°, kilos 28 28 31 39 30 30
Elbow Extension 40°, kilos 16 17 16 26 22 30
Grip, rt. hand, kilos 54 55 49 50 49 53
Grip, It. hand, kilos 43 42 40 43 56 54
Vertical Jump, cm 44.5 56 54.5 58 56.8 50
Standing Broad Jump, cm 222 241 198 238 212 203
Personality Factors (16 PF)— A 6 6 3 3 6 9
B 10 8 8 5 8 8
C 6 5 4 4 6 3
E 7 7 3 9 7 8
F 7 6 4 10 6 5
G 5 4 4 9 3 4
H 9 10 1 8 4 7
I 5 7 6 5 6 5
L 6 8 8 1 6 4
M 5 7 5 5 2 6
N 7 6 9 6 8 5
O 6 6 10 3 6 3
Q1 6 8 6 4 7 4
q 2 7 6 6 6 6 6
Q3 5 4 4 4 4 2
°4 5 7 6 2 5 5
Extreme Values Recorded in Some Sportsmen
Heart Rate, basal — 
Heart Rate, maximum — 
Vital Capacity —
FEVt -
FEF200-1200
33 per minute 
215 per minute 
7.8 litres 
6.70 litres 
16.5 l/sec
Pulse Pressure — 
Haemoglobin, % sat.— 
Max. Grip Strength — 
Body Height —
at body weight of
160/58 mm Hg
131
93 kg
226 cm ( 7' 5") 
120.6 kg (19 Stones)
Address of Author: Vaughan Thomas, T.C., D.L.C., M.Sc.,
Lecturer in Physical Education and Consultant in Human Performance, 
Human Performance Laboratory, St. Mary's College of Education, 
Twickenham, Middlesex.
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APPENDIX 5
Typical results sheet from the-St# Mary*s College 
Sportsraen1 s Clinic* Such sheets were given to team 
coaches* managers, and individuals who had attended 
a Clinic•
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APPENDIX 6
Data collection booklet from the St. Mary5s College 
Sportsmen* s Clinic. Each subject at a clinic would 
carry his booklet with him as he progressed around 
the tests, the relevant data being entered into the 
booklet by each test operator.
ST. MARY1S COLLLGE, TWICKENHAM, MIDDX.
APPLICATION POR APPOINTMENT WITH SPORTSMAN'S CLINIC
I wish to apply for an appointment for diagnostic 
fitness testing. The relevant personal details are as follows:
Late . . 0000090000 Name ...ooooooo.oooo.o.oooooo..... *>0
Sex (M or E)...... Age ( y r s / m t h s . . Sport  .....
Test sponsoring organisation (national,club,individual)*.•...••.
Marital status (M or S )....... No.of children ...........
On average I consume .... pints of beer(or alcoholic equivalent) 
per week.
On average I smoke .... cigarettes (or nicotine equiv.) per week.
State of Training (lay-off,light,medium,heavy) ............ ......
How long at this present state of training..,,,,..,,,.........
Highest representative honour gained in this s p o r t    ........
Most important Championship won..........
Best individual record (time,distance etc.).....................
The tests to which you will be subjected are numerous and 
varied.They will provide an extensive picture of your state of 
fitness. Some of the tests are very strenuous and in as much 
as strenuous activity can be dangerous to those in illhealth 
you should be confident of your ability to tolerate such tests.
If you are not sure,or if you are a minor,you should consult 
your doctor before attendanceat the clinic.If you are a minor 
you should also make sure that a parent or your legal guardian 
signs the acceptance form below.
ALL subjects must sign the acceptance form before any 
tests can be carried out.
I understand that St.Mary’s College,Twickenham,or members 
of the research team performing fitness tests,can accept no 
responsibility for loss,damage or injury I may suffer as a 
result of my attendance at,or performance of,these tests.
I accept these conditions.
Signature of applicant...............o...............
Signature of parent or legal guardian................
Tests of Organic Function
Cardiovascular•
1• Blood Pressure
2. Haemoglobin
3. Heart Rate
4. Astrand H/R ________
Ht/Wt   02 Uptake
5. Basal Heart Rate _________
Shuttle Pulses
Ventilatory.
1. Vital Capacity
2. Forced Expiratory Volume
3. Forced Expiratory Flow
MSASTJ5SS OF FOP? TYPS
1 ) TSSB3SO! ____ ______
i i )  visiG iir .— -------- —
iii) U P P E R  A S M  __ _ __ ~ —
±7) G.ATJ’ ---------
v) THICEP3- - - - - - - - - -- - -
v i )  — -
yj^  ) p.TjpP^ I'LTAC  _
v5.^-l) EUHvTtvOo <CTr^-,.^..<.--
i x )  F ^ ' T R .  -  — . - - - r -  • • < •  ^
H T . / V T ^  RftTIO^
PHSfJorr?s
SUBJECT NO.
2E305 CF STit^mn AND POWER
STimWiTB.*
f* “
E i) KHSE EOKEICM (115°) 
ii; HIP FLSX30S
See re
i i i ;  TEOKX EXT3&SION
>fl »,—■ *'*•• iwrL’W*«AWM»4»aj»3^piMCJCu
tv) H^CULOFR ADTUCTION (HO0)
i« mm I •'
v) n ^ T A S  FLSXIOH ($0 *)
■ JM HM IlM  ■ l i l t x n U <T C .11*m»  WH»H7JfcO«Cy»»a»f»<i
V i )  E I- /IV  ri£ZlQ3 ( I3 .5 d)
Kswp.mjMfc. ■ jx:jr*»w n.
v i i )  EL&'7 SJr^SICF (**0°)
ii ii ■— 11 mm i— *■■  ^ <r
viii) GRIP ‘.light Sand)
*mm*mmm m m i* p * r m  hT.iyvt^ cuf^ irin^
lx )  021X> (Vi f i  Eend)
-■+ \ fniwiwu tf,lwi mw iffi*»»i»Ltwr»inniii vmturn im
b. ra:3R .
i) VEKTTCA!*! oCV
ix ^ 'iw f.i»>r.'t\iriyr ^  w*t -
» > na i» rii<  w w i »iwnnii — » nrr i Jy-fi w iim i r w
i i )  STAND329S JUMP
«L
APPENDIX 7
Instruction sheet given to subjects immediately 
prior to performing the shuttle .run test for pre­
cipitating maximum heart rate®
SHUTTLE RUN TEST
This is a test of how hard you are prepared to work.
You are required to run from one side of the gymnasium to 
the other eight times, as fast as you possibly cam, turning 
by placing one foot against the inclined board, and by 
placing your hands on the wall if you wish. You will then 
rest for about ten seconds while your heart rate is 
measured.
The actual speed at which you are running is not so 
important - it must merely be the very fastest you are 
capable of.
You will then repeat the run, and rest, and repeat, and 
rest - and so on until the operator knows that you have 
reached your maximum output. This may take a long time 
for some individuals, a short time for some others. But 
the harder you are prepared to push yourself, the quicker 
the test-will be over, and the less total work you will 
have to do.
Even though you may find yourself running slcr.ver after 
a few laps-, still keep trying as hard as you can to go
APPENDIX 8
A matrix of correlations between all possible pairs 
of variables measured in the St. Mary!s College Sportsmen*s 
Clinic - based upon the total number of subjects measured.
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Draft of a paper describing and validating a new 
cycle ergometer, designed by the author, and built 
by a craft student art St® Mary* s College as his 
special study for the award of Teacher.1 s' Certificate*
Validation of a Pan Cycle Ergometer
Introductions Gross muscle ergometry has for some years 
been carried out by means of cycle ergometers® These 
machines vary greatly in complexity from friction wheel 
devices to servo controlled electronic ergometers, which 
can be adapted to most normal and clinical working cond­
itions and positionSo
This great variety of equipment§ both in 
terms of functional flexibility and cost, presents problems 
to the manufacturer* since he needs several production lines 
to accomodate the various machines§ and to the practitioner* 
who might need several machines to cater for his various needs®
An attempt has been made to develop a cycle 
ergometer which could perform basic ergometry with great 
accuracy and reliability if necessary* which could be adap­
ted to most situations and work requirements* and yet which 
remained cheap both to purchase and operate®
Ergometric Con si derat i on s s Insofar as physiological function 
varies greatly in relation to fluctuating conditions of work 
load* health* emotion and environment * then measurement of 
physiological parameters depends for its objectivity upon 
eithers a® maintaining conditions at a constant level* or
b® monitoring changes in conditions®
The first of these merely 
requires measurement as unsophisticated as nominal scale®
The second demands at least ordinal scale measurement® These 
two techniques applied to work on a cycling machine impose 
a requirement for the following machine characteristiess 
a® the subject’s body position must be exactly 
reproducible at each successive test*
b® the rate at which the subject works must be repro­
ducible in terms of both the external work done* and the 
cadence (or rate) at which movements are performed*
c® external work done must be reliably measured®
Even for clinical in ve st i gat ions* if a work 
load is being applied to a patient then it has the function 
of causing changes in the patient’s state® Since the degree
of change is a function of the work load and posture* then 
points 1 and 2 are absolute necessities for objective diagnoses® 
Point 3 is a requirement in tests where the extent or rate of 
change in physiological reactions to work is the required 
information* both on inter- and intra-subj’ect bases®
The scientific validity of these concepts has been given by 
the International Congress of Sports Medicine (Bericht uber 
die Sit sung der Intemationalen Ergometrie - Standard! erungs 
ICommis si on* Hanover* 1966) and since amplified by that body® 
Many relevant research papers have dealt with various aspects 
of ergometric standardisation* some of the most recent beings 
Carver* R®P® * and Winsmann F*R® * 1970* ’Relationship between 
physical work performance and age’* Ergonomics* 13* 2* 247-253® 
Hanson* J®A®, and Jones* F.P® * 1970* ’Heart rate and small 
postural changes in man* * Ergonomics* i3* 4, 483 - 487®
Since the underlying assumption of this type of ergometry 
is that physiological changes accompany changes in work done 
by the subj'ect* then the validity of the process is also 
based upon an assumption that the external work measured is 
a constant factor of the actual work done (ie calorific 
expenditure) by the subject® Many studies have shown this 
assumption to be false* the origin of most of them lying in 
Hill’s classical work on muscular efficiency* and his famous 
equation ^ _ 1 - (k/t)
a(X •§* bO * where E represents efficiency* 
k and a are constants* and i is time® Most originally* 
Dickinson (1) applied this notion to cycle ergometry* showing 
that whilst the efficiency might be independent of the force 
overcome * it would vary with the time occupied by a movement*
In fact* slight changes in cadence may have far greater 
effect on a subj’ect’s physiological and psychologiacl than 
slight fluctuations in work output® This connection between 
a subj'ect’s calorific expenditure and his ergometric work done 
can be termed his Mechanical Efficiency at that task* Pol? 
any one subj‘ect* mechanical efficiency may vary 
1® between different tasks and loads 
2* between different cadences and postures 
3* between levels of fatigue* health* emotion etc®
4® under different environmental conditions®
Unless the operator can he fairly sure that his subject’s 
mechanical efficiency is relatively constant* or that he can 
measure its variation* then he cannot state with certainty that 
the physiological changes he observes are due to any particular 
factor® At the very least he will require a complex retesting 
program* with the data being treated by analysis of covariance® 
The ideal in cycle ergometry has yet to be reached® The Pan 
Cycle Ergometer is an attempt to comply with as many of the 
requirements of objective ergometry as possible without entering 
dimensions of extremely complex sophistication*' and great levels 
of capital expenditure*
Experimental Validation®
Hypothesisi that a fan cycle ergometers
1® does not vary significantly in test-retest ergometry 
of human subjects* aid 
2® discriminates significant differences in physiolog­
ical performance between subjects and cycling postures®
Equipment s •
1® Vitolograph Pan Cycle Ergometer® This ergometer functions 
on the basis of the air resistance met by a rapidly rotating fan® 
The fan is calibrated to provide a measure of power output to 
within accuracy* A suitale system of gearing and alteration 
of fan blades allows the operator to select from a very wide 
number of working ranges* the lowest being 60 - 100 watte* the 
highest being 125 2000 watts® Once the range has been sel­
ected* the precise work output within this range is determined 
by the pedalling speed* and read off from a tachometer dial®
Since the resistance varies as a cubic function of the pedal­
ling rate* increments in work load i t ! thin the course of one 
test can be achieved by slight increases in pedalling rate* 
viss
watts 150 168 18? 205 224 242 261 280 300
rpm 52*5 55 57*3 59 60*5 62 63*5 64*8 66*6
This function can be automated if required* The fan is pro­
tected by an expanded metal gaurd* with movable vents allowing 
a draught of air to play in certain directions if required®
In the machine under test* the ergometer was mounted in an
adjustable frame \7l2icI1 allowed a precise adjustment of subject 
posture within the limits described in a previous paper by 
Hamley and Thomas (2) *
2* Parks E*C*G* Radio Telemeter* This telemeter consists of 
a small transmitter worn by the subject, the electrocardio­
graphic wave being detected by two surface electrodes attached 
immediately inferior to the left nipple and pectoralis major 
muscle, 2e5 cm apart* Tlie transmitted wave form was converted 
by the receiver into audible ?R8 wave pulses, and into an E* C*G* 
write out* Accurate measures of heart rate are thus obtained*
Test 1 10 male physical education student teachers, age range
19o3 - 21*8, 1 = 20*6 'yrs*, were tested on five occasions eacfe*
All tests were done at the same time each day for each subject, 
and always between 8 - 9  am* The test comprised six minutes* 
pedalling at a power output of 112 watts* The pedalling rate 
was 90 complete revolutions per minute* The heart rate during 
the last ten seconds of exercise was recorded* Mean heart rate 
during the five tests for each subject wass
Subject 1 2 3 -4 5 & 7 8 9 10
E /E . 106 115 123 98 101 133 115 149 106 138
The fifty units of data were treated by analysis of variance, 
with the following resuitss .
Source S* S* df Tar* Est* Sig*
Subjects 13101*96 9 1455*77 15*71 0*001
Order 1305*06 4 326*26 3*62 0*05
Eete st 267*46 4. 66*86 1*43 N * S*
Residual 3066* 88 32 .95*84.
Total 17741*36 49
Test 2 50 male physical education sfcudent teachers, age
range 18*3 « 22*9, x = 19*1 yrs*, were tested on four different 
occasions* The test conditions were the same as for Test 1, 
with the exception th§t each of the four tests was at a differen 
saddle and handgrip height, and the work load was at 224 .watts* 
Based upon the results of a previous study (Hamley and Thomas, 
op cit), the saddle heights used were 101, 10 5, 109, and 113/^ 
of inside leg measurement measured from floor to symphasis 
pubis.
standing unshod in the anatomical position* Saddle height was 
measured as the linear distance from the top of the saddle to 
the top of the pedal spindle in bottom dead centre* The near­
est point of the handgrip to the nearest point of the saddle 
measured 65 cm, and the handgrip was on the same level as the 
saddle *
A Latin square design, to rotate the order of saddle height 
by trials, was used to offset training effects*
The mean heart rate recorded by all subjects at each saddle 
height w©,ss
Saddle height 
Heart rat e
101 fo 
161
105f*
157
109 # 
162
1 1 3 $ .
172
The 200 units of data were treated by analysis of variance 
with the following re suits?
Source
Subjects
Positions
Residual
T otal 
6
S«S<
331*33 
15.62 
43.45 
390*40
d£
49
3
U 7
199
Var.Est
6*76 
5*20 
0 . 29,
F1
23*31
17.93
Sig*
0*001
0*001
Conclusionss The results of the analyses of variance demonstrate 
that?
1* Subjects vary greatly in their response' to a standard work 
load on the fan cycle ergometer, including work cfone in a 
variety of postures* ■ ■
2*The ergometer is a sufficiently sensitive device to impose 
significant changes in work conditions upon subjects*
3* Test-retest variance is smaller than variance due to other 
effects* There is no significant difference between the relia­
bility error inherent in the ergometer and errors due to intro- 
subject differences, order of trials, interantion effects aid 
experimental errors* Under these conditions the multiple 
correlation coefficient obtained was 0.78* A Friedman Two Way
analysis shows that the reliability achieved in the testOretest 
situation with this ergometer is significant at the 0*0001 level 
of confidence*
It has been demonstrated that the ergometers and operating 
criteria mentioned earlier are succesfully achieved with this 
machine*
